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YBA)KAEMbIE ,LJAMbI L' FOCrHOLA!

51 Ipae IIHBeTCTBOBaTb yqaCTHHKOB K~~pH
UHH "HH~14, MOnIH6JAeH, BOJIbqj)pam - I1epcfleTHBbI
flpOH3BoZacTBa H np OMbILHjieHHorO InpHmeHeHHSI", Ha
KOTOporl 6yxjyT o6bCy)KJ~eHbl npo611embi, CBSI3aHHbie c
pai~pHe CbIpbeBbIX HCT04HHKOB peHHAI, MO-
iiH6AeHa H BOJlb4Ipama, paccmoTpeHbI TCXHOJIOrlHH
HX H3Bjie4eHHA B TOBapHbie 4Jopmbi (meTaJIJIbi H CO-
eXgHHeHHsl), TeXHO31OrHH npoH43BogcTBa KOHCTp)yKIAH-
OHHbIX maTepHaJIOB H cHJiiaBoB, a TaK)Ke KaTaJIH3a-
TOPOB ARAIS xHmHqecxHx peaKI.H14 Ha OCHOBe 3THX
MeTaJIJOB; HOBbie o611aCT14 Hi nepcrKTHBbI HcHOJlb-
3OBaHHAI.

FMHHLBeTmeT - ORHH H13 opraHH13aTOPOB KOH4)e-
peHLUHH, ABJ1I~eTCA OCHOBOHOJIO)KHHKOM OTelieCTBeH-
HOH meTaJul lprll'ieCKOH HIaYKH B o611aCTH UjBeTHb1X
MeTajijiOB. B1998 roxiy HHCTHTYT 6yxaeT npa3,aHO-
BaTb Ci~oe 80-nieTe. flo HalU1HM TeXHOJIOrHSIM, pa3-
pa6OTaHHbIM cfleUHajICTaMH FHHItBermera pa6o -
TaIOT 6OJIbIUHHCTBO o6orarHiTen~bHbIX #3apHKli
3aBOXAOB UBeTHOA me~ajiiiypr~ii PoccHH 14 cTpaH
CHF. B nocJiieHHe rozmi HHCTHTYT ygesimeT 6o~biuloe
BHHmaHHe IIpOH3BOJ4CTBy nIpHOpHTeTHbIX H KOHCT-
PYKILAHOHHbIX MeTaJIJIOB.

LApyrHM opaHa~O KOH4IepeHUHH SIBJI~eTCA
)K~pHaji "UjieTHbie meTBJIJmbl". )KypHaJI cyHueCTByeT
yice 70 neT, IHMpOIC H3BeCTeH KaK B POCCHH, TaK H 3a
py~excom. B~onee 20 jieT )K~pHaJI H3,aaeTCSI Ha allr-
.JI1HICKOM A3bIICe 1 pacrlpoc'rpaH~eTCsI H3JaaTeJlbCTBOM
"Allerton Press", CMlI. YqeHbie rFHHLBeTmeTa TcC-
HO COTPYJAHHqa1OT C )KYPHajiom, ny6nIHKYIOT Ha ero
cTpaHHL~aX HOBegu1He pa3pa6oTKH H pa6oTaIOT B
peaIKonjierHH )KypHaJia.

Eojibmuor BKfliXg B ycrieX HaLwer KOHc1epeHLUHH
BHecJIm EBponeAiCKHii o Hc BBC CMlI no a3poKoc-
mH'IeCKim HCCJIeAOBaHliAM H pa3pa6oTKam H OýHc
CUilA no0 HccJiieOBaHHSM gnsi BNMC B E~porie, 3a
'ITO AI XOTJIi 6bl Bbipa3HTb HM HP143HaTeJlbHOCTb M
6J1arox~aPHOCTb.

)Keiiaio y'IaCTHHKam ICOHt~epeHLUHH fnJOJAOTBOp-
HOA 14 ycneIIJHOr pa6oTbl, HageemCsl, 'ro KoH4)epeH-
11HA rOCJIYflKHT YCTaHOBjieH141O AeJ1OBbIX 1COHTaKTOB
yqeHb1X H HpoH3BoLICTBeHHHKOB C rHOTeHUHaJlbHbIM14
H4HBeCTopamH.

AHflperl TapacoB

FeHepanlbHbri~ AHpeKTOp
IFHY~P(D "FHHLUBeTmeT',
aiKa~emHK Me)KgyHapoxaHoA H
POCCi4?CKOR HH)KeHejyHbIX,
aKa~lemHA, JA.T.H., I-H 3aM.
rinaB~oro pejaaK~opa)IKypHajia
"UjBeTHbie MeTaJIJbI"
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I CEKU14H$

CbIPb6E H4 OBOFrAHEH~lE

PA3PAJGOTRA H 3KCHIJIYATALIHMA
3RCTPAKLUHOHHOFO HPOUJECCA

H3BJIE'IEHH51 PEHHIS H13 YPAHOB16X PYA
HABOHflCKOFO FMK

H.M.Meu~epsllxoB

BcepoccJiACKHii HayqHo-HccieJAOBaTe3ibCKHH4

HHCTHTYT xHmHqeCKOri TexHojiorHH, MOCKBa

Pa3BHTHe riaxpomerann~yprmxiecxi-x meTOANB ne-
pepa6oTmH ypaHOBbI1X pyxR B 70-80-x ro~ax HPHBej~io
K C03gaHHIO HOBbIX TeXHOnIorHA KomHJ1eKCH0or Hc-

HlOJlb3OBaHllA CblpbSI.
,7JnIA H3BjieqeHHA PCHHA H3 ypaHOBbIX pyJ H4 pac-

TBOPOB nog3eMHOrO BbiU.genaqHBaHHA ypana Ha Ha-
BOHACKOm FMK pa3pa6oTaHa OPHFHHajibHBSI TeXHO-

jlorH'lecKaA cxema H HeCTaHJxapTHoe 3KcTpaKxrnoH-
Hoe o60pyA~OBaHtie, nlO3BOJlHIAIWiti ceJiiKT1BHO H3-
BjieKaTb peHHA H3 paCTBOPOB c coe)KHe OT 0,1
g~o 0,3 mr/ni. TeXlonIorHsl BKflIO4aeT npouleccbi ce-
JiieKTHBHOri pe3xcTpaKI.HH peHHA H43:3KcTpaKIcHOHH09
CMecCI OCll0BHOrO ypaHo~oro npoH3B01ACTBa c no-
cnieIgyioIIW 3xcTpaKLUHOHHbIM KOHL~eHTPH4POBaHHem
H oTgeJiiHHem OT ypa~a H MOJI16J~eHa. flIonyqeHHbie

'lepHoBbie KPHCTaJiJibi neppe~a~a amMOHHA flo)Bep-
raiOT ABOAHOI4 IepeKPH4CTajLiiH3aLtl4H c rnpoMbIBKOA

3THJIOBbIM CIIHPTOM. flpH~meHeHi~e 3jieKTpoatHaJH3a
o6ecneqHJIO 'ICTOTY XPHCTajijiOB neppe~a~a am-
MOHHA mapKH AP-O.

MOIIUHOCTb YCTaHOBIKM n03BOJIMeT HojiytiaTE OT
1,5 gio 2,0 TOHH neppe~a~a amMOHH31 B rOa, B 3aBH4-

CHMOCTH OT coJgep)KaHHS1 peHHS B ypaHOBOM Cblpbe,

HIOCTyHiaioLiuM Ha rHXgpomeTajijiypri4qecKHH 3aBoJA.

12



UPOBJIEMLI HlEPEPAIO0TKH
HIEPCHIEKTHBHOIFO PEH14fl-

COREPWIAI1IEFO HETPA)1MHHOHHOIFO

A.M.T leKmapeB, H.AI.TpoLmKHHa, JI.r.H~eTPOB,

IO.A.KpecoBa

POCCHIAhKHii XHMHKIO-TeXHOJIOFH'.ecicHri YHHBepCHiTeT

H~m.ALJ1.MeHx~ejieeBa, MOCICBa

PaccmoTpeHbi r~pm~jjip~e~i cnoco6bl
H3Bjie4eHHR peHHA 1H3 npomrIpO)JYT0B H OTXOAOB,
o6pa3yiolU.HXCA flH icomniiJeKCHOr4 nepepa6oTie
Hex(OTO~bIX BHAJOB nepcneKTHB~oro HeTpaJl4HuOH-
Horo CbIP16A (o'rpa6oTaHHofi flpOMbIBHOA cepHoA
KHCJIOTbI, CT0qHbIX H o6opOTHblX BOJR, CIIHBOB cry-

CTHTeJIeg, yrniepogcogepiciu~ero CbIpbA - 6HTYMH-
HO3Hbiy. ropiotim cJiaHixeB, BbICOKOBS13KHX He4ýTeA H

npHPOXAHbix 6HTYMOB, TBepaThix 6HTYMOB).
Pa3pa6oTaHbI H C nOJIO)KHTeflbHbIM pe3yJlbTaT0M

HCInbITaHbI Ha pCeJ~bHbIX npOA~yx~ax rHpHHUIHHHaJ~b-
Hbie TeXHojiorwqeCKile cxembi H3B3ieqeHHS1 peHHSI H3
3THX CbIpbeBbIX HCTO'IHHKOB.

BYJWIAHH'IECICHE FA3bI1 - HOB16fl
CbI1PLEBOfl HCTO'IHHK PEHHM

(D.1H.m1arepmaH, A.A.KpemeHeliKHI1

HHCT14TYT MH~epajiorHH, reoxHmtiH H KpHCTaJiIoxH-
mHH peflKHx 3JiCmeHTOB, MOCKBa

Ha npi~mepe ByjiicaHa KYjAPAsrbii (o. H4Typyn,
KYPHI~ibcxi~e 0-Ba) 0UjeHeHbI pecypcbi Re B HOBOM
cbipbeB0M HCTO4HHICe peJCHx meTMJJIOB - ByniKaHH-

lieCKHx ra30BbIX Bb16pocax. OHH COCTaBJISH0T n-10
T0HH/r0JA H IIpeXJCTaBJIAIOT 6on~bmlof npaKT'iqeCKHrH
HHTepec. Pa~pa6oiTaia TeXHOJIOrHq H3BfileieHHA Re H
COrHYTCTBYIOLUHX PeJAKHX meThJiLiOB (In, Ge, Ri H
tip.), HCfOl0Jb3yl~ll~aA norjioiieH~e meTajiji0B H3 ra-
3OBOA 4)a3bi nHPHO0HbIMH MHHepajIbHbIMHi cop6eH-
TaMH, BbIH0JIHeHa ee onepe)Kafiou~aA 3K0H0MH~jeC1a5i
0i.leHKa, K0T0PaA no~a~aiia B03M0)KHOCTb AOCTH)Ke-
HHA BbICOKOA 31(OHOMH'ICCKOA 34X4eKTHBH0CTH npo-
H3B0~cTBa.
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Hpl4eexeHbI Ra~HHbie 0 coaep2KaHHHM peHHR Hi Apy-

r14X peAu(HX meTajijiOB B ra3OBbIX Bb16pocaX ByJIKa-
HOB mHpa. O6cyicrgeHbi flepcflKTHBbI HcnoJIb3oBa-

HHA HOBoro HCT04IHmxa pe~xKomeTaJlbHoro CblpbSI.

o HOflYTHOM H3BJIEq1EHHH1 PEHH51I HPH
11OTA3EMHOM BM611UWAA'qHBAHHH (fIB)

YPAHA

B.B.KpoTKoB, IO.B.HeCTepoB, JI.H4.Py3HH,

M.cP.m~epemeTbeB

AO "AToMpetmermonIoTo", MOCKBa

BcepoccHiiCKHii HayqHo-HccieJgoBaTeJlbCXHri

HHCTHTYT xHmHqecKOil TeXHoniorHH, MOCKBa

Aupo6HpoBaHbI 344~eKTHBHble 3Kc-rpaKUH0HHax
H cop6n(HOHHasI TexHioj10rHi nl~nYTHoro H3Bjie'IeHH51
peHHSI H3 pacTBOPOB HRB ypaHa, cox~ep)Kaiu~x 0,1-0,5
MrfJJM 3 Re.

B Ka4eCTBe 3icc~pareH~a 14CnoJlb3oBaJIaCb cmeCb
TAA H TBDB pa36aBHTeJIe. Cop6eHTaMH CJIY)KHJIH
alHOHHITbi AM-n, AM[I H aKTHB14P0BaHHbIli yroJIb.
H3BniemeHHe Re H3 pacTB0POB aKTHBHPOBaHHbIM
yrniem COCTaBHJIO 90-95%/ flpH CTeneHH ero ICOHUeH-

TpHPOBaHHA 400-500.
3JI10HpOBaHHe Re c alHH0HHTOB npOBOXaHJOCb

pacTmopamH H2S0 4 B pe2KI4me 3KcTpaxKUHOHHOrH ae-
cop6UHH, a C aICTHBH4POBaHHoro yrflM - ammHaK0M C
IIocJiiXeYoui~m KOuHPP~He C nOM0111b10
am4)OJIHTOB BI- 14KP HJIH BHI-1I8KP.

TFOTOBaS[ npOXYKUI4M - neppe~aT aM~oHH31.

IIOHYTHOE H3BJ1E'IEHIIE PEHH51 rUPH H[E-
PEPABOTIKE M0JIH416EHHT0BbI1X H MEAT-
HO-HHKEJIB16IX K0HIWEHTPATOB C 110-

MOlljbI0 CEFAEKTH4BHbI1X HOHHTOB

A.A.BJTOXHH, A.A.Konblprnl

CaHKT-HleTep6yprcxHri rocyJ~apcTheHHbirH TeXHOJIO-
rHqeCKHH HHCTHTYT

fIpli nepepa6omxe moniH6zeHHTOBbIX KoHi~eHTp~a-
TOB no 8.3OTHOXHCJIOTH09 cxeme c0Xaep)KaIU4r4CSI B
HI4X PeHHA 1CHe~ipeC B HiH-paTHO-
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cyJIb43aTHbIX maToqHbIX paCT~opax, a flPH nepepa-
6om~e meAtHO-Hi~keJieBbIX KOHijeHTpaTOB no flHpome-

TajLjiyprHqecKori TeXHojiortHH - B flpoMbIBHOAi CepHOll
K14CJIOTe CHCTem moKporl ra300qHCTKH. H43yqeHbI

H36HpaTeJnbHbie CBoHcTBa no OTHowliHH1O IC peHHIO

pa3flHqHbIX CHJ~hHO- H cnia600CHOBHblx aHHO0HHTOB
reiieBdH H rIOPHCTOrH CTPYKCTypbi nPH cop6I4HH ero H3
yKa3aHHbIX paCTBOPOB. BbIsIBjieH cJiaGoOCHOBHb~ir

aHlHOHHT, He ycTynaiouwHA nO H36HpaTCjibHoCTH K

peHHIO H emKOCTHbIM xaa~pCHa JIy4WuHM
CHflbHOOCHOBHbim aHHoHHTam, H npH 3TOM perelle-

pHpyemb~ii paCTBopamH ammi~aKa. loiKa3aiia B03-
MO)KHOCTb ero I4CnO3Th3OBaHHA xiAn rjiy6oicoro H3-
BjieqeHH5I PeHHS H3 cepHOKHCJIOTHbIX H a3oTHO-
cepHOKHCJIOTHbIX mojiH6JaeHcoLep)KaLui~x paCTBOPOB.

COBEPHIEHCTBOBAHIIE TEXHOJIOrUIH
O1SOFAHMEHHSI MEALHO-MOJ1HB&AEHOB6IX

PYA MIECTOPOWICAERHII
"3P~j3H3THflH-OBOO"

C4I~aBaaHSIM, H.III.Ca'raeB, )K.BaaTapxyy,
A.M4IAeCATOB*, M.H.XepCOHCKHr1*

COBmeCTHoC npeX~fpHSITHe "3pXIM33T", MOHFOJ11HB

*FHUJ P(D rocyaapcTBeHHblg HayqHO-
Hcc31eAOBaTenibcKHri 14HCTHTYT

lIBeTHbIX meTB.JIJIOB "THHijBeTMeT", MOCKBa

EwierOJgHbWit o61em npOH3BOJRCTBa MoJIH6JAeHa Ha
CrI "3pA3H3T" COCTaBJIS(eT 2 TbIC.TOHH. TeXHOJIrOr-
qecicas cxema nepepa6oTKH pyRn Ha o6oraTHrenlbHofi

4)a6pHKe BKjUloqaeT KOJIfleKTHBHbIii UHICJI #1JOT&AimH
c nojjyqeH~em MeAHO-mojiH6,aeHoBo-HHpHTHOrO
npOjiYKTa, ero OKHCJIHTejlbHyio nponapi~y (nocnie

cryI1ueHHsI) B H3BeCTKOBOA cpe~e JipH Temnepa~ype

80-90'C B TeqeHne 60-90 MHH, cPJOTaLIHIO moj1H6,ae-
HHTa nociie OTMbIBKH, XAOBoAKy neHHoro npOIAyXTa

MO3IH6AleHOBOA 4ýJIOTaLUHH c IIpHmeHeHHem cepHH-

c~orO HaTPHSI (8 nepeqHCTOKc), #JOTaLUHI0 Mii~epa-

RIOB MeAH H3 xamiepHorO npOrAyXTa ICOHTPOJ~bHO9
MOnIH6zAeHOBOHA 43OTaljHH flpH jxenpeCCHH nIHpHTa
H3BecTbIO.

flpHHsiTaA cxema o6ecne'luBaeT nojiyqeH~e nnia-
HOBbIX TeXHoflorHqeCRxm noxca3aTeiieg flpH OTHOCH-
TeJ~bHOM co~ep)icaHH1 M~j~H B BH~e flCpBHqHbIX

CYJIb4ýHAJOB He 6oniee 40%. B COOTBeTCTBHH1 c fiJiaHOM
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rOpHbIX pa6oT B 6JIHxaiiwHe rO,4bi o)KwaaeTCH yBe-
JIH4eHHe AoJIH neCBBi4HbIX pya, B CB313H c '4eM Ha
KoM6HHaTe flpOBOAITCA HccjieJOBaHHAS no0 COBep-
Lu1HCTBOBaHHIO TeXHoj1ormi tix nepepa6omTIC.

Jla6opaTopHbIlMH H HojiyInpOMbI~UjieHHbIMH4 HC-

rIbITaHHAMH Ha psije 11po 6 py2abi noKa3aHa BO3MO)K-
HOCTb 1IojiyqeHHS1 6oraTblx no megH meAHo-

moniH6JaeH0BbIX KOHijeHTpaTOB B LUHKJ1C KojIJeKTHB-
HOA' 4DJIOTaUHH c InpHmeHeHHem ceJ1eKTH4BHbIX no
OTHoluIHHIO K nHHHTY co6lipaTeniei (H3onpo-
nHJIOBbirH a3poJI~OT, S-703) BmeCTo 6yTHrnoBoro
KcaHToreHaTa.

B HaCToawee BpemSI Ha'IaTbi nO~rOTOBHTejibHbie

pa6oTbI K npOBe~eHHio flpoMbIlljieHHbIX HCHbITaHHA
pa3pa6oTaHHOAi TeXHojiorHH Ha OAHOA H3 ceKLUHR
4a6pHKH.

rEEPCHIERTILBM HPHMEHEHH51 MEM-
UPAHHbI1X METOAIOB AVLIA HEPEPARO0TKH

PEHfI~fCOVAEP)KAHJUHX PACTBOPOB

H4IA.TpOUIKCHHa, A.M.LIeKcmapeB, A.E.Marl6opoga,
A.F.fle~poB, B.cD.MajhibXHH

POCCHA1CKHIA XHMHKCO-TeXHoJIor~qecKcHg YHHBepCHiTeT

Hm.;I.I.MeHx~ejieeBa, MOCKBa

)Ke3Ka3raH Pe)gmeT, Pecny611HKa Ka3axCTaH

ALnim CciieKTHBHoro H3BjTe4eHHX H KOHueHTpHpO-

BaHH31 peHHA H43 CJIO)KHbIX MHOFOKOmIIOHeHTHbIX
CHCTem onpo6oBaHbl mem6paHHbie meTO~bl, B MaCT-
HOCTH, meTOA KoMnulexcoo6pa3oBaHHsI - yJlbTpa-

#JIIbTpaI.AHH (KOY(D), OCHOBaHHbIH Ha BBet~eHHH B
pacT~op fl0i3l3jieiKTpOJIHTa (M9), o6pa3ypow.ero
KomnL1ieKc c ileJieBbIM KomnoHeHTOM, H riocnie~iyio~u~er
ero Yn~bTpa4)HJbTpal~HH. flpeAwapHTenlbHO H~3y'ieHa

arperaTHB~asi YCTOH4JHBOCTb fl3 B BOAHbIX CHCTemax
flPH BBegeHHH aHlHOHOB. OnpeejieeHblI KOHneiiTpaLxHH
alHOHOoB, ilpi KOTOPbIX M3 HaqHHaeT icoaryjiHpo-
BaTb. H43ytqeHO BJIHS1HiH BHeIIIHHX #XaTopoB-pH
cpe~bi, CO0THoluiHHe Ml Kc neppeHaT-HOHy, noBeJ~e-
HHe lpiimeceri Ha pa3AzeniHTenb]Hbiie xapaIKTepmCTHKH

npoiuecca KOY(D. Oripe~enieHbl pe)KHMb1 pereiiepa-
LjHH M. 1H3yqeHO BJIHSIHHe qHCJJia LHKJIOB 143Bjieqe-
HHe-pereHepaLuHA Ha CTeIneHb H3Bjie,4eHHSI peHHA.
Pa3pa6oTaHbl H c Hojio2KHTejibHb1M 344eKTON4 HCnbI-
TaHbi flpHHUIHfHaJThHbie TeXHojiorHqeCKHe cxeMbI
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43BJIem-eHmi peHmi H13 CTO'4HbIX n o6OpOTHbIX Boa, a
Talowe CJII4BOB cryCTHTefleH aHyX npeJanpliAITHH.

L'HAPOMETAXIIYPrHWIECKOE H3BJIE'qEHHE
PEHH51 H MOAIIMAEHA H13 TiEXHoFEHUoFo

C161PI65

A.F.XojimoropOB, O.Hl.KanMiqxHHa, O.H.KOHOHOBa,
C.B.Kaq4HH

KpaCHoslpc1Hi~i rocyX~apCTBeHHbir YHHBepCH4TeT
14HCTHTYT XHMHH H4 XHMHqiecKof TeXHojioriHH

CO PAH, KpaCHoApc1K

H4CCJIe)ROBaHbl TeXHojiormieCKme npoLueCCbl COP6-

UH4OHHioroO~uHpp~H5 peHHS Ha alHHOHHTax
HerIopHCTOA H flOpHCTOA1 CTPYKTypbI c reTePOUH4KJIH-
4qecKHmH aNHHamH H H43BniemeHHA1 mojiti6JJeHa Ha
alHHOHHTax maKponopliCTOAi CTP)YKTypbl H-a OCHoBe
corIojiHmepOB C ARfHHH-OllenoL1HbIMH4 CU1HBaioiLmMH
areHTamH H noJIHamHHOB, KOTOpbie IHHPOKo anpo-
6H4poBaHbI Ha lpombiLIjieHlibiX paCT~opax c pa3JIHM4-
HbIM coj1eBbIM 4)OHOM c nojiyqeH~em '4HCTbIX COnleA

peHSii Hi mo3ii6geHa. AHHOHHTbI mapoK AH-82, AH-
105, AH-106, AH-108 MO)KHO peoea~~ =AIS
HCIIOJlb3OBaHHA HpH C03gaHH4 rlpombiwLifeHbI-bX YC-
TaHOBoK no nepepa6oTKe peHHri-mojiH6aeHo]3oro

BTOPHqHoro CbIpbSI rm4,pomeTaUimyprHqecxiHmH Cr10-
co6amu4, a Taioie flti nepepa6omye t1epBH4qHOIO M1H-
HepaJIinOro CbIpbS1 (B TOM 'IHcjie Bojib43pamOBOro).

11POIYKThI1 BYMIIAHWIUCKOl ;IEqTEJIIh-
11OCT11 - Ch6IPh6EIM JrISHPOH3BOACTBA PE-

HHM H LAPYVHX METAXIIOB

F.C.mUTeAH6epr

14H-CT14TyT ByjiKaHOJ1OFHiH H reoqHHamHKtH,
IO)Kio-CaxajiHHCK

Pe3ynlbTaTbl c11euHajibHblx reoxHlMHi'eCKH4X, XH-
MHKO-TeXHojiorHTqeCKHX H reoJIoro-3KoHoMHqeCKHX
HccJiiegOBaHHiH rIO3BOJIHJIH o6oCHoBaTb HPHHUHflH-
aJlbHYlO B03MO)IKHOCTb H3BjiemeHHSI peHH31 H gpyrHx
LjeHHbIX xomfIOHeHTOB H43 lpOAyKTOB By3iKaHHqcC1ori
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ae~BTejibHOCTH BYJIia~a KyjapfBbfi Ha ocTpOBe 14Ty-

pyn (KypHnibl). CpeAHsI1 KOHL~eHTpaHii4 peHHA B

nopogaX B 30Hax ýJymapOJIbHori aKTIIBHOCTti paB~a
30 r/T. OAHOBpeMeHHO onpeaenieHO B 3THX npoAiYK-
Tax 23 KoMrnoHeHTa, B TOM 'IHcJIe BflepBbie - La, Sm,
Ag H Au. IHcciexAoBaHHsl nO BbIBBjieHH4IO HOBbIX 30H
MHHep11JIH3aiAHH npoaojD)KaIOTCsl.

H3Y'IEHH4E HlOBEAEHH1$ MOJ114BVL9EHA H
PEHHA1 HPH rIEPEPAIGOTKE CBHHEU-

C0,4EP)XA(AIHX HIPOMLIPO)YKT0B

T.H.]FperiBep, E.3.CepreeBa, T.H.BeprHl3oBa,
H.L.3arl~eBa

CaHKT-fleTep6yprCKlHri royaC~Hbr rOpHbHA

IAHCTHTYT
(TeXHHqeCKH14 yHHiBepCHTeT)

flpli BOAHOM BbILI4ejiaqHBaHHHi KOHBepTepHbIX

ibUIieg MeJaHO-HHKeJieBoro npOH3BOJACTBa 5-30%/ Re H4
25-40% MO He H3BjieKaIOTCq H4 OCTaIOTCA B CBHHeU-

cox~epicaii~eM KeKe. H4ccnieAoBaHbI 3aKOHOMepHOCT14
noBe1geHHsl peAKXx qjiemeHTOB B ripoiueccax H3Bjie'Ie-
HHA CBHHi~a XJIOPHAHbIMH H UgefloqHbIMH paCTBopa-
MH. H1OKa3aHa B03MO)KCHOCTb o6oPOra IL~ejio'Hb1X
pacTBOPOB C HaKoJiieHHeM MO. ARAji YCJIOBHri KOM-

6HHaTa "CeBepoH14Kenbi" npe~tJo)KeHa cxeMa, npeay-

cmaTpHBaiotuasl o6beArnieni~e paCTBOPOB BOAJHOrO H4

iu.enoqHOro BbILLjenaqHBaHHA. floxa3aHo, 'ITO B oT
eglHHeHHbie paCTBOpbI H3BjieKaeTCA 99- 100% Re H 97-
100% Mo. 143Bnie'eH1~e H3 paCTBOPOB Mo H Re ocy-
I1eCTBJ1S1eTCA 11yTeM r1ocJieJOBaTeJ~bHOrl ceJiiKTHBHO14
copLiAHH Ha aHlHOHHTax.
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HOH00O6MEHH161E HlPOUECCbl
[JIYEGOKOrO PA39EJ1EHHA H OxIHCTKH

MOJ11416EHA H BOJITADPAMA

A.A.BJIOXHH, A.A.KonblpHH, 3.A.rltipmaToB,
14.C.AcaJAOB

CaHI(Tr-HeTep6yprCtir4f royaCTe~l
TeXHoJIorHqecCKHA HHCTHTYT

Y36eKCIcuHA Kom6HHaT TyroflflaBKIIX H )Kaporipo4HbIX
MeTaJiJOB, 'IHp4HK

Pa3pa6oTaHbI M BHeX~peHbl B npoMbH.UJIeH-
HOCTb HoHoo6meHHbie npoueCCbi OqHCTKII KoHL~eH-

TPHPOBaHHbIX pacTBopOB MOJIH6,aaTa amMOHHSI OT
BOJIb43ama H BO~~m~ amMOHHR9 OT mojTH6Jge-
Ha. flepiblr4 H3 HH4X 3aKJflOqaeTC3M B I(oppeKTH4POBKe
flapame.TpOB HcxoaHoro paCT~opa H nociieaioumem

npOrlYCKaHH4H ero 'iepe3 KOJIOHHY c alH~OHHTOM, ce-
JiieRTHBHO cop6HpyIOUAHM BoJIbpam, BTOPOR - B
o6pa6oTKe HcxoAHoro paCT~opa a03iipOBaHHbIM14

KOJIH'IeCTBaMH CYJnbrnAHpyIo~uero peareH~a xuiA

nepe~ox~a mojiH6XAeHa B 4ý0PMY THoo}CmfijieKCOB Hi

HpoIIycKaHHH ero qepe3 OICOJ1HHY c alH~OHHTOM, Ce-
JiiCKTHBHO cop6HpyxouleM THOK0MIIJIl1CbI mojuH6Xje-
Ha. [Ip~meie~i~e pa3pa60TaHHblx npoueCCOe o6ec-
rieTIHaeT He MeHee, 'leM CT0I(paTHoe CHHX(eHme KOH-
L~eHTpauHH yXaaj1~eMbIX KOMrIOHeHTOB B paCTBopax H
floj1yqeHHe COOTBeTCTBYIOUAHX cojieg c coJlep)KaHHem
npHmeCerH 3JiemeHTOB-aHaJIoroB n.( 10-4-10-3) maC.%.

3KCTPAKUHOHH16EE METOAhI HEPEPA-
JUOTICH TEXHOFEHHOFO PEHHflCOAEP-

WAllWFO C161PMI

B.(D.TpaBKH4H, H.E.HexopoiueB

MUJ PrD FocyxlapCTBeHHblig Hay4Ho-

HcCJIe~aOBaTen~bClrHH H4HCTH4TYT
LUBeTHbIX meTajijiOB "FimtjBeTmeT", MOCKBa

nplp BbiLuejia4HBaHH4H TeXHoreHH-oro peHHHCO-

xAep)Kanero CbIpbSI M0T-YT 6bl~b noflyq~eHbI COJ1IAHO-
lcHCnlbte, a3OTHOKHCJIbie, CepH0KHcjibie flH60 Luenioq-
Hbie paCTB30pbI. HaH6oniee 344eKT14BHbIM meTOJIOM
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cejieKT14BH0rO 143B3jle4CHH peHHA~ H43 rio31o6HbIX pac-
TBOPOB S1BJISIeTCA1 K14UICOCTHaAl 3KcTpalcU14sI.

Ha 3KcTpa1(Lu1io peHHA nomHmo npipoa03bI op-
raHi~qec~oro peareH~a BJIH110HT KI4CJIOTHOCTb BOXAH014

4aub1, BaJIeHTHoe COCTOSIHHe peHHA, np~poaa H4 KOH-

1teHTpaIUHS BbiCaJIHBaTeJIsl, a Ta~xce np~po~a opra-
H14qeCK0rO pa36aB14TeJIA.

AJIAjs 3KcTpaKLtHH1 peHHS1 H3 cJia6oKHcJIbIX BOA~-

HbIX pacTBOPOB (pH=2-3) HiaH6oniee Luenecoo6pa3Ho
14HcO3Th3OBaH14e TpeTH14'HbIX HJIH1 BTOP14qHb1x aJiH4Ia-
TH4ecK14x am14HOB.

HIpoBe~aeHbI 14Cnb1TaH14S1 3KcTpaKLI14OHHfiI
TeXHOJI0~rHH 143BjieqeH1HA peHHA 143 orpa60TaHHbIX
xaTaJI143aTOPOB c Uojiy'CH14em MeTaJIJI14qecKoro pe-
HHA~ 311460 neppellaTa amMOHSiA.

PA3PAR&OTKA H HCIMITAHHAS TEXHOJIO-
MHi 3KCTPAKUIHOHHOFO H3BJTE'qEHHAl

PEHHS1 H3 PACTBOPOB CYJE64DATH3AIUlH
CBHHIXOBbI1X InbIIEVl

IF.K.Ky31myxame31oB, JI.M.KoriaHeB,
HIOADJ(eiierTJI14X*, rF.J1.HaIUxoB*, A.14XOJIbK14H**

AOOT "14HCTHTyT IFHA3P0ItBeTmeT", HOBOct4614pciK
*IHHCT14TYT X14MH1 14 XHM14KO-meTaimuyprI41eciKi4x

npoueCCOB CO PAH, KpacliospCK

**HHCTliTYT o6ulerl H HeopraH14'lecKor X14M14 PAH,
MOCKBa

HIp14 113BjjeqeH1414 peH14M 143 CyJIIq~aTHO-
XJIOPH4)HbIX paCTB0P0B CB14HLIOBor0 HnO43Bo31cTBa
)K14AKOCTH0O1 3KcTpaKLi4erH Tp14aJiC1~43iimHHOM (rAA)
nipollecc 0C3IO)IKHS1TC3[ 13-3a C0BN4eCTHOrO H3BJ1ieIe-

HPUI peH14R H KarAM1R.

flpeALCTaBnieHbl pe3yJbTaTTbl pa3pa6oTKH4 TeXHO-

norm41 143B3ieI~45H14 peHHAS H3 XiIOPH31Ho-cyJIbqaTHbIX
KaJmm4eBbIX paCTBOPOB, o6pa3yiowLttxcsl flpH nepepa-

60TKe CB14HLIOBbIX fibljilel

- 1ccJ1i31BaHa 3xCTpaxU.HAl peHHAS H KalUMHAs CMe-
CSIMH TAA c pa3JI14lHbIM14 opa~eCH1 R14CJIOTa-

Mn;

- onpegeiieH onHT1MaJlbHbIII C0CTaB 3KccTpareHTa

3131M 143BjieqeH14M peHHAs;

- noxa~a~a B03MO)KHOCTb ce3iiKT14BH0r0 pa3)Aejie-

HHAI peH14 H KaAMHA$ Ha CTaAHH1 peqxcTpaKUH114;
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- HtHBeJgHbf pe3yJIbTaTbI yKpynIHeHHI-i
nia6opaTopHbIX 14 3aBO)RCKHX HcfnbITaHHrl TeXHOJIOrHH
nHHmeHHTeJIbHO K npoueccy nepepa6oTmi arjionbi-
ii~eH '-HMKeHTCKOrO CBH4HUOBOrO 3aBoxqa.

TeXHOnIorHA 3aflHTeHTOBaHa B POCCHiiCKOR1 (Deae-
paLlmi H Pecny611HKe Ka3axCTaH-.

PA3PA]6OTKA, OCROEHUE H YCOBEPIIEH-
CTBOBAH14E 3KCCTPAKIIHOHHOfl TEXHO-
JIOnlH HlOJIY'IEHHSL HAPABOJIbb(PAMATA

AMMOHH$L

F.Hi.FHIaHOB, B.F.FmraHOB

IFHU P(D rocyXaapCTBeHHbir4 Hay4lHo-
HccJieAOBaTeiIbCKHH9 HHCT14TYT

UBeTHbIX meTajijioB "FHHUBeTmeT", MOCxBa

Pa3pa6oTaHHaAi B HHCTHTYTe "rFHHUBeTMeT" 3KC-
TpaKLUHOHHaSI TeXHOJIOrH51 H3BjieqeHHSI Boilb43ama
6blna BHe)apeHa Ha HaJ~b'HKCKOM rivapomeTiaBox~e B
1985 r. H KHpoBrpa~ci~om 3aeoge TBep~bix cniiaBOB -

B 1996 r. B xaqecT~e 3KcTpareHTa HCnOJlb3OBaH Tex-
HHiecxHri -pHaJIXHJIamHH, coxaep)Kauw~ 85% Tpe-
TI44Hbix aMHHOB.

Y'IHTbIBai1 cepbe3HbIe He)~oCTaTKti npmHM~HMmoro
3KcTpareHTa, 6blin pa3pa6oTaH H BHeZgpeH B flpOH3-
BOZACTBO Ha o6oHX 3aBoaax moJaHýHU4poBaH~bIR

3KcTpareHT, KOTOpbIi HO3]3OJllHJI:
- 1OIJIHOCTbIO HCKJIIOHHTb o6pa3oBaHHe TpeTberl

c# 3bI, CHH3HTb KOHL~CHTpaL1H1o 3xc~pareH~a H }CH-
CJIOTbI Ha ero 3apAiucY B KHCJIYIO #~pMY;

-ymeHbLIIHTL, KOHueHTpaIjHio cBo6oIAHoro 3KCT-
pareH~a H CO3KcTpaKLxHio flpHmeceri, 4To npHBeJ1O K
flOBbiiuJHHIO KaqeCT~a KOHeqHorH npoAyXUHH.

OAHaKO 3KcTpaiclAHA flo-fpe)K(Hemy npOBOJIHTCS1

H3 KMCJIbIX paCTBOPOB c pH 1,5-2, 'ITO BbI3bIBaeT
KOPP03HIO o6opyJaoBaHHsl H HOBbHiueHHbIH- pacxoja
peareHTOB.

B pe3yflbTaTe fIpHBeaeHHbIX HcciieAOBaHHl~r 6bIJI
HarlgieH 3KcTpareHT, H3BjieKaioLIjHri Bojib~pam lnpH

pH 5-5,5, 'ITO cyL.jecTBeHHO ynpoumaeT 3Kcnniyara-
UHIO o60pyAzOBaHHAI.

Pa3pa6oTaHa TeXHOJIOrHR 3KcTpaKUHH B0J114-
pama HeO~ATeH H3 COAOBbIX paCTBOPOB

aBTOKJIHBHorO BbiUlCJiHiaHBaHHHA UineiiHTOBbIX KOH-
LueHTpaTOB.
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rlociie H3Bjie4eHHR Bojib4Jpama COJAOBb1H paCTBOP C
flpHMeCBMH4 B0Ba~eC Ha aBTOKJiiBHoe BbitL~efla-
4lHBaHHe, npiH 3TOM HCKJIUO4iaTCA nHmeHMeHHe KH-

CJIOT H 3Ha4UTeflbHO COxpaLuaeTC$I c6poc COfleBbIX
paCTBopOB.

YTHJIH3AUHS1 XBOCTOB oB~oFATHTEJIb-
HOl (DAB~PHIH HHrWIKHHcICo[o

BOJIIA(PAMOBOFO PYMMIKA

A.B.EXCKOB, X.T.m~apHHOB, 14.O.HJHenib

Pecny611HKaHcxasq opraHH3auSiA "CneucHJiaB",

TalUKeHT

I4HrtiqKIIHccaA OnbITHaSI meTO,4HKO-
TeXHOJIorHqeCKasI 3KCriegtHuI4S,

Pecny6nHlKa Y36eiCcTaH

OTme'IeHO, 'ITo nepepa6oTma pyA I'HrH'-KHiHCKO-
ro Bojib~pamOBOro meCTOpo)KUeHH$1 I1pHBCJii K o6-
pa3OBaHHIO 3HaqH4TejibHorO KojiHtieCTBa newim)~~ix
XBOCTOB, coe)aH oxciHXRa BOflbcjama B KOTOpblX
COCTaBJIMeT 0,07-0,08%.

flpoBej~eHHbie TeXHoJIorH'IeCKme H KOHIbIOHKTYP-
Hbie HCCJ1CLAOBaHHA flOKa3aJIH HO3MO)KCHOCTb H ueiie-
coo6pa3Hocmb rpaBHTaI.tHOHHOrO o6ora~ueHi-I, XBO-
CTOB c flojiy'eHHeM Bojib4pamOBbIX IKoHUeHTpaToB,

flPHrOXHbIX ARAn peHTa6ejibHog nepepa6oTKH Ha
Y3KT)KM.

HCnbITaHHSI Ha I4HrHiqKHHCKOR o6oraTHTenhbHor4

c)a6pHKe B HeflpepbIBHOM pe)KH4Me TeXHoJIorH'IeCKOr4
cxeMbi, BKn~l0Laiolueii TpH CTaami o6oram1eHHMA: KO-
HYCHbIR cenapaTop, 4-x aeKOBOfH KoHueHTpauHOH-
HbIrl CTOJI CKO-30, KCoHUCH-rpagrOHHbliI CTOfl CKM-
7,5, marHHTHbIH4 ceriapaTop 3)M- 1, rHO3BOJI14JI14 BbI-
6pamb pam.HOHajibHblii pe)KHm npouecca, o6ecrle'rB-
iuHri flojiy'leHHe Bojib4pamOBOrO KOuH~p~ c

coJgCp)KaHHeM BoiI,ýpamOBoro alrapa 25-30%.
1HccneaOBaHHA no0 rH2~pomeTajJJyprHqeCKor4 ne-

pepa6oTKe nojiyqeHHoro KOHueHTpaTa rnOKa3a.JIH

YAOBiIeTBOPHTeJlbHbie pe3yflbTaTbl - H3Bnie'eHi~e
Bojib~Pama B pacTBop fIPH aBTOK.iiaBHO-COJAOBOM

BblIIIle3I'IHBaHHH HaXOJAHJIoCb B npexgenax 9 1-98%.
TeXHofloruA o6oranmeHlAi ne)Kajhibx XBOCTOB 14BP

BHenpeua B nOCTOSIHHYIO 3KCHJIyaTautiio.
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OPIFAHH3AURli H1POH3BOJCTBA H3BJIE-
lqEHH$I PEHH$I H AIPYF14X UAEHHLI1X KOM-

HOHEHTOB H3 BTOPH'IHOFO CM6PbSL

A.B.ErnlOTH, M.B.H4cTpaWJK14Ha, 3.A.H~epeaepeeBa,
M.H.ByTOBa

FHUJ P(ID FocyaapCTmeHHblr4 HayT4HO-
HccJiegOBaTenibCKHr4 14HCTtHTYT

peAKOmeTaj1J1IH4eCKOA npombiliIjieHHOCTHi
"Ti~peLgmeT, MOCKBa

H~pezACTaBnieHbl RaHHbie o6 3OIleKTHBHbIX CflOCO-

6ax pereHepaluiH peHHl ti apyri~x I4eHHbIX ICOmno-
HCHTOB 113 pa3JIH4HbIX BHJAOB BTOP11HHoro CbIpbA
(OTXO,4oB aiimniTHoe~~I KaTajnH3aTOPOB
H peHHrHcoJep)KaiUiHx diiaBoB).

IIoica3aHa 3KCOHOMH4ecKaA uejiecoo6pa3HOCTb

nepepa~OmTH BTOPHqHOrO PeHHicogepxKauero cbi-
pbsl.

AJISI H3Bjie'IeHHsI peHHA Hi flIiTHHbl H13 orpa6o-
TaHI-bIX ajoojaHoe~~I KaTaJIH3aTOPOB

npegr4io)KeHo HeCKOJlbKO TeXHojiorH'ieCKHX pewleHHH,
oTjiH~qaioUgHXCSI xaK meTOJAOM BCKPbITHSI, Tax H no-
cJiegyiouAHmMwHBietlHHMe peHHSI 14 FIJaTHHbI. Bce
TeXHH,4eCxte peuweHHA rapaHTHpyioT BbICOKoe 113-
Bjie~ieHHe KaK peHHSI (93%), Tax ti rjiaTI4HbI (98%).

PaccmoT'peHbl cnoco6bi nepepa6oTKH OTXOraOB

peHHHcol~ep)KaIUUX cniUaBOB (Kax XABOrHb1X, Tax H
MHOrOKOMnOHeHTHbIX) C H3BjieiCHHem peHH 14 I Jpy-
rHx LjeHHbIX KOmnOHeHTOB (Hllxenb, Ko6ajimT, TaH-

TaJI, BOJIb4~am, mojiiH6fleH).

PEAROMETAJ116HOE HlPOH3BOACTBO H
MHHEPAJIbHI[]IE PECYPCM6 Y36EECHCTAHA

X.T.UlaplrnoB, E.H.HHiKojiaeBa, M.A.Ka)KHxiHH

Pecny611HicaHCxaA opaH~u4 "CneucnniaB"
1HHCTHTYT MHHepaj~bHbIX pecypCOB, TaUIKeHT,

Pecniy6nilixa Y36eKHCTaH

OTmeqeHO, 4TO Ha COBpemeHHOM 3Tane pa~3BHTHA

PcCHy6JIHKH Y36eKHCTaH nplPOpHTeTHbIM HanpaBJIe-
HHeM ABJIS1eTCSI npo611ema 3OpMHpOMaHHA, HCHIOJIb-

3OBaHHAI H BOCHPOH3BoJICTBa MHHepaJ~bHO-CblpbeBOii
6a3b1 peAK~x meTajijiOB ii pacceSHHbIX 3JiemeHTOB H1
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3HaqHTeJlbHoro POCTa HX HpOH3BORCTBa )aJIS yBCJIm-
qeHHsi BHyTpeHiiero norpe6xreHul H4 3KcnopTa.

AL~isi peineH~I4. 3agIa4 B o611aCTH peaKomeTajlbHOFO
CbIpbSI FocyxlapCTBeHHbIM K0MHiTeT0m reojiornn4

npo~exaeH aHM~H3 H BbIRlBjieHbi nepcIneKTHBbl pa3BH-

THSI OTexqecTBeHHOf4 6a3bl P3, pa3pa6oTaHbl Hay4Hbie

OCHOBbi nporHo3a, HOHCKOB H oLueHKH PM o6,beKTOB,

H3yqeHbI MHHepaJioro-reoxHMHqeCKHe oco6eHHOCT1

meCTopo2KlAeHHrH, BKiIIOqaX HeTpaIAHUHOHHbie T1ribi.

HIoKa3aHo, WTO Pecny6nIHKa Y36eKHICTaH no psuiy
peXIKHx meTaJUJIOB H pacceAHHbIX 33iemeHTOB o611aaa-
eT 3Haq1HTeJIbHbIM pe3epBOM 3aniaCOB, a no pecypcam
MOJIH6JAeHa H pe~l4A BXORIIT B qe~CATKY BeJayIuHx

cTpaH mHpa H 3aHHmaeT 3-4 meCTO B CHE. BbICOKa

o6ecneqeHHOCTb paBaa~I 3anaCOB, HX COOTHO-
llleHHe C 3KcnLjiyaTHpyembimH 3aflacami COCTaBJTI~eT

3:1.
B HaCTosIIIee BpemSI OCHOBHbIM CbIpbem ARAi~ no-

iiyqeHHsi mojiH46JeHa H peHHA cjiy)KaT mojiti6gJeHoBbie
KOHljeHTpaTbI YHHKaJlbHbIX KOmnJ1eKCHbIX meJAHo-

IOj4)HpOBbIX meCTOpo)KflCHHr AJImaJIbIKCKoro pyja-
Horo par4oHa. flepepa6oTKY pyA, cogepwiaumn 6oniee

10 HI7IYHTHbIX KOmn4oHeHTOB, npOH3BO1aHT AJImaJIbIK-

CKHH ropHo-meTaJIJIyprHiqeCKHH KoM6HlHaT. OJAHaKo

KaeT~Ha xaa~PHT 3anaCOB P3 He BCe-
rxga YJAOBjieTBOPHeT COBpemeHHbIM Tpe6oBaHiuqM,
Heo6xoazrnmo YCOBepiueHCTBOBaHHe TeXHojiorHqe-
CKHX CXem HXaio6bl'qH m, oco6eHHO, nepepa6oTKH.

O6cyxc~eHbi BoflpOCbI BOBjie'leHHSI BTOpH4qHbIX

pcCypcoB B npOH3BOACTBO.

fI]POI6JEEMbI H COCTORIHHE KOMHJEKC-
HOfl IIEPEPAEO0TKH PYAHOFO H TEXHO-

.jIOVlfECKOTFO C6lbIPM PEIKHX
METAJLIOB

x.r.Lmap~rO

Pecny6flHKaHCKaA opa[4aH "CneUicJiiaB"

1HHCTHTYT XHMHH AxaJ~emHH HayK
Pecny6nIHKIc Y36elKHCTaH, TaUIKeHT

OTMe-ieHO, qTo reoXHMH4eC]KHe oco6eHHOCTH py-
Aoo6pa3oBaHHA Ha TeppHTOPHH UleHTpaJIbHOrH A3HH
crIoco6CTBOBaJiH KOHLueHTpaLiHH MHOrHX peAKHx,

pacCelIHHbIX, 611aropOA~HbIX H PeAUKO3emeJlbHbIX me-
TaJI~OB. 110 CBOHM MHHepajiorHqeCiKHm, XIHMHiecKH~m
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43opmaM Haxo)KaeHHSI H KJI1HqeCTBY PYAHbIX g3ne-
meHTOB meCTOPO)Kz~eHH31 SBJIAIOTCA YHHKaJlbHbIMH B
mtipe. BmeCTe C TeM, pa3BHTHe ropiio-
meTajuiyprHl~eCKor4, meTajijiyprHticCKorH, xHi4mqe-
CKOA, He4rreXHmHqecKori npOMbIUwfleHHOCTH npHBej1o
K BO3HHKHOBeHHIO HOBbIX HCTO'qHHKOB pexu{mx me-
TaJIJIOB- BTOpH'lHoro HJIH TeXHoreHHoro CblpbA.

Ha OCHOBaHHH reonioriiqeCKXx H re0xHM4miCCKHX

HccJieuaOBaHHHi flHBe~eHbl 1AaHHbie no co.Iep)KaHHIO
peJU(x, pacceJIHHbIX H AprH MeTaJUOB B noJIHme-
TaJUIHqcCKom CbIpbe H pyjiax ("necqaHHHKoBbri~
THn"). C nHmeHMeHHeM HHCTpymeHTaJ~bHbIX meTo1AOB
alHaJ1H3a H3y'teHO pacnpe~enieH~e i~eHHbIX KOMHO-
HeHTOB no TeXHojiorHqecKHM nepeAeniam ropHo-

meaLipHicH H meTmJJIYprH4eCKH4X flPOH3-
BOACTB pecny6nIHKH.

Ha flpHmepe oT~eJ~bHbIX meTamoiOB Re, Co - no-
Ka3aHbI BO3MO)KHbie nyTH flOBblllleHHA H3Bjie4eHHA
MeTaJIJIOB H3 OTXOAOB, KeKOB, wjiamOB H flpHBe.LeHbI

pe3yflbTaTbI TeXHojiorHxiecicHX HCCJ~eJAOBaHHri no
flofly~eHHIO 3THX MeTaJLJIOB.

B Ka'iecTBe HeTpaXAH11IHOHHbIX HCTO'IHHKOB CbIpbSI
pe1AKHX MeTWMJOB paccmoT~peHbI TeXHoreHHbie OTXO-
JAbl HMmileciKorl, He4YreXHmiHmeCmor, 3J1eKTI)OHHOfi
HpombIuIjieHHOCTH. HIpHBeAteHbI JAaHHbie no pa3pa-
6omxe TeXHojiorHH nepepa6oTKH KaTaJIH3aTOPOB -

Mo, Bi, CO H ApyrHX. flOKa3aHa B03MO)IKHOCTb no-
jiytieHHR 611aropoAubIX meTBJIJOB H3 OTXOAOB 3j~ex-
TPOHHOri InpombriujieHHOCTH, BOBjie4CHHS! B niepepa-

60TKY oTBaJibHbIX iceKOB H XBOCTOB B KagecTBe cbi-

Pb1A maM~TJJyprHqCKHx fnpOH3BOIACTB pecny6nIHKH.
O6cyxc~zeHbl Boflpoebi Iojiy1LieHHIA 3KcHOpTOPHeH-

THpOBaHHOA H HmnopnamelU~tmOu~eg fpOIAYK1IHH B
BH~e oco6o tIHCTEIX meTaJ1J1OB (99,99-99,999%) H
HMuejiHH, maTepHBj1OB Ha HX OCHOBe.
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H CEKUHSI
CHIOCO]SbhI HEPEPABFOTKH C161PLA H

HlOJIYIEHHE MIETAJUIOB H 14X
COE)AHHEHHIH

COBPEM[EHHOE COCT051HHIE H
HFEPCHERTHMbI PA3BHTHAI BOJILIAPAMO-
MOJIHEAEHOBOff OTPACJIH B CTPAHAX

Cow

3.H.FegraroB3, A.A~.Beccep

FHUJ P(2 ]FocyxgapCTBeHHblri Hay4Ho-

HccJieJROBaTeJlbCKHri H4HCT14TYT

1uBeTHbIX meTajLji0B "rHHUBeTmeT", MOCKBa

HIpHBexgeHbI aa~HHbie no0 CblpbeBORi 6a3e, YPOBHIO

TeXH0JIOrHH4 H 1CaqeCTBY BbinyCKaemori npOAYKUHHi
IIpeJJpHAHTH31MH BO31b43amo-mojnH6geH0B0Oi npo-

mbiujiHHOTHcTpaH CHrF. OCHOBHbIMH1 cýaXTopa-
mH, o6ycniaenHBaioiutiMH BxoxKAeHHe B MHPOBOiA
pbIHOK, AIBJIAIOTCJI CHH2ICCHHi ce6eCTOHMOCTH ToBap-
Holi npO)aYKUHH, flOBbInllHHe ca'leCTBa Ha OCH0Be
Hc~nO~b3oBaHHsI C0BpemeHHbIX TexHoniorHri, TaKHx
icax HOHoo6meHHbie I1poueccbi B rHpm~i~yrH
11j1a3M0XHNIHqeCKHe MeT0J~bl B rIopowlloBori MeTaJI-

jiypr~HH H4 Ap. BaxcHeriluee 3Ha'leHHe npHo6peTaeT
BHe~rqeHHe HOBbIX HayMH0-TeXH14ieCKHX pa3pa6oTol(
B o611aCTH o6oralueHHAi J1311 ojiy'eHHSI BbICOKoiKaqe-

CTBeHHbIX KOH~xeHTpaToB, BCIC~b1THS1 o6oraigeHHOro
CblpbSI H pa3JIH4Hb1X 0TXOA0B HpoH3BoacTha, flepe-
pa60TKH ýIHCTbIX coeIHHeHHri moniH6taeHa, BoJ~h43a-
ma H peHHS1 J0 MeTWJIJIB H H3,aejiHA.
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HIEPCHIEIKTHBM6 METAJIJIOTEPMHH B HFO-
jIy'IEHHH TY[FOHJIABKHX PACCESAHH16IX

METAJIJIOB H HX COEMIHEHHFI

B.B.Jla3apeHxo, A.fl.flapturH, B.B.EI~aTajioB

BcepocciAikKHiA Hayt4Ho-iHccjieR~oBaTejibciKHr4 H4HCTHi-
TYT xiHmHqecI(Of TeXHonIorHH, MOCKBa

MeTannjoTepmH~qecKcHe npo~ecCbl SIBJIROTCSI OCO-
6eHHO IIepcneKTHBHbIMH AURA CO3,QaHHA pecypco- H
3Heproc6eperaiolUHX TeXHojiorHgt nonyw~HHR He
TOJIbKO nlHraTyp, cHJiiBOB H qHCTbIX MeTaJIJIOB, HO H
HeKOTO~bIX HeopraHHiiecKHx coeamHeHHA Ha OCHOBe
TyroniiaBKHX pacceSIHHbIX meTaJIJIOB BbicoKoro 0 a'e-
cTBa.

Pe3yJIbTambl mccJiieAOBaHmri nocJie~lHHX nieT no-
3BOJIHJI-H, fIpHmeH,1 meTOJA meTaJUJIOTepmHH, B qaCT-
HOCTH aJ~loMHHOTepMHH, pa3pa6oTaTb BbICOIKO34-
4)eKTHBHbie TexHoA0orHH floJyqeHHA:

a) Re-Mo-Ni-Al .JlHra-rypbi AnA Hy)KA aBHaUHOH-
HOA HpombnujieHHOCTH;

6) BbicoKocameCTeHHoro nniaBjieHHoro Kap614Aa
BOnlb4)pama, Heo6xo.LHmoro AnA1 H3rOTOBjieHHJI Kca
6ypoBoro HHcTpymeHTa, TaK H filA rIpOH3BOflCTBa
TBepflbIX cfliiaBOB;

B) niiaBjieHHoro meTaJIJ1HMecKoro moflH6fleHa.

HERPEPM6BHOAIEftCTBYIOIL~fl AHHAPAT
XIAJf BOAOPOAHOr-O BOCUITAHOBJIEHHSI
HOPOUIKOB TYFOHJABIKHX METAJIJOB

M.M.CrIHBax, B.E.XpanyHoB, A.T.IIUOHH6aeB,
)K.A.ACHm)KaHOB

1HHCTHTYT meTannypIMPH H o6oraiueHHA, Ajima-ATa,
Pecny611Hia Ka3axCTaH

Pa~pa6oTaH HenpepblBHoleriCTBYIOUAHii BH6po.
anrinapaT Zulu BOflOPOAHoro BoccTaHOB3ieHH1 flopoui-

KoB TyronIJiaBKHX MeTaJUJIOB.
Hlo cpaBHeHHIO c cyu~ecTByioujtHmi annfapaTaMH,

pa3pa6oTaHHaA BH6poycTaHoBxa nlO3BonIIeT cywue-
cTBeHHO CHH3HTb6 ce6ecToHmocTb6 nepe~enia 3a c'ie'
aBTOMaTH3alAHH npoiuecca H ymeHbiI1eHHA pacxo~a
3JiicKTpO3HeprHH H BoAopox~a.
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rIPOH3BOLAC-BO TYFOH2JIABKHX METAJI-
JIOB C HCHIOJIL63OBAHHEM COPM.THOH-

HM6X HPOUJECCOB

B.AJrIeraHoB, A.H.BacicaxOB, T.B.MojiqaHOBa,
T.rI.XapHHa

BcepocdniicKHii HayqHO-HccjieJAoBaTejibCKHrH HHCTH-

TYT XmII'IeCKOr4 TeXHOJIOrHH4, MOCKBa

Ha OCHOBaHHH HaKonjieHHOrO ofblbTa npHmeHe-
HHA HOHOo6meHHbIX IIpo1leCCOB B rH2~pomeTajUIjyp-

rHH ypa~a CO3JgaHbI TeXHoJIorH'IeCKie cxembi nepe-

pa6oTKH pa3JII1tHbIX cbipbeBbIX IHCT04HHKCOB Tyro-
niiaBKHX MeTajijnoB. OCHOB09i cxeM A1BJIqlOTCSI cop6-
UIHOHHbie HpoLueccbi H3BjieqeHHM H4 KOHueHTPHpOBa-
HHSI MeTaJUJiOB, o6ecne'uiBaioulHe Bb1COKoe KaqeCTBO

nojiyqaemoH InpO)YKU1HH H IIOBbiiuHJHHo CKB03Hoe
H3B3ielieHHe LueHHbIX meTaJIJIOB.

HaH6ojiee 3434~eKTHBHbIMH HOHoo6meHHbimH no-

rJIOTHTeJISIMH JIBJIAIOTCSI cop6eHTbl BHHHJInHPHpHHHO-
Boro THna. UjeneHanpaBnieHHblii CHHTe3 nlO3BOJIHJI

344IeKTHBHO peaJIH3OBaTb comeTaHi~e AOCTOHHCTB

maKponopHCTori CTPYKTypbI cop6eHTa c xHmH'IeCKH-

MH4 CBoricTBamH TyrOHJiBiBKHX MeTaJiJiOB.

mUHpOKHe BO3MO)KHOCTH cop6IUHoHHoii TeXHonIo-
rHH o6ecneqHBaiOT paCIu~peH~e cbipbeBog 6a3bi

npOH3BOJACTBa TyroIIjiaBKHX MeTaJIJIOB.

HOB161E HAHIPABJIEHHSI B TEXHOJIOFHH
HIEPBH'lHofl 1TIEPEPAE6OT]KH BOJIIAPA-

MOBbI1X KOHUEHTPATOB

A.C.Me~x~exaeB

MOCKOBCKHii rocygapCTBeHHblrH HHCTHTYT Crajin H

cHjiaBOB

AIaH o6 30P HOBbIX TeXHOJIOFrHH, pa3pa6oTaHHbIX

MHCHC, B TOM MHCJIe coBmeCTHO C HHCTHTYTOM

THXApOLkeTmeT", no nepBH'IHOA nepepa6oTKe

BOJb4)pamOBOrO CblpbA: LABYXCTagHgHoro aBTOKJiaB-

HO-COEAOBorO BbiUl~ixeiaHBaHHA (ACB) BonibpamH-
TOBbIX H iue~iiHTOBbIX KOHLueHTPaTOB C B03BpaTOM

qaCTH OTBaJlbHbIX KeKOB B rOJIOBy npoIgecca; ACB
mexaHOXHmHqjeCKH MOA~HUHLIpoiaHHbIX B paCTBO-

paX KaJIbUjHeBbIX coneri Bojibcj~amHTOB; OKI4CJIH-
TeJ~bHoe, B TOM qHCJieBICOOemea~po ACB
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BoJb4)paNIHTOB; BapHaHTbI HI43I(0TemIepaTYPH0Or
Bb1UwenaqHiBaHHI Bbjib4)pamH4T0B pacTBopamH uaeaio-
4H; a3OTHOIU4CJOTHoe BbiLi~ejial4HBaHIme UIeeJIITOBbIX
1(OHI.~eHTPaTOB C BO3BpaTom LIaCTI4 BojibcI~amOBOA
KHCJIOTbI B rOiIO~y npoijecca; pa3JIo)KeHHie BoJ~b~la-
MHTOB B pacniia~e JiericonilaBlcor 3BTeKTI4K1 cox~a-
ceiiHTpa.

H3BJIEtIEHHE PEHHIS K OCMH51 ilPi

OISACHE MOJIHJ&AEHOBOFIO
IJPOMTIPOAYICTA

T.H.rperiBep, E.B.flIonKoB, B.m.nluneiAKHii,

IO.H.Uori, E.rI.PyXaeHKO

CaHKcT-rleTep6yprci1Hrl rocyX~apCTeHHbirH ropHbirl
14HCTHTYT (TexHH'4ecKHri YHHBepCHTeT)

AjimajibIKCKHri ropHo-meTajLUiyprwqeCIU4ri Kom6HHaT,
Pecny6xrnKa Y36eixHcTaHi

Pa3pa6oTaHa TeXi-ionorHqecixaA cxema KomJiieKC-
H014 nepepa6oTKH MOnIH6AeHoBoro rnpomnpoAyIKTa,
np~caPHao~j ero o6)KHr c i~enlb1O oTr0H1CH B
ra~o~yio 4)a3y OCMHAl H peHHHs, Hrx norjiou.aerne H
H3Bjie~qeH~e, a Taioie nepepa6oTmy orapxa 113BeCT-
HbIMH ripHemamm. flPO~dfPOAYIKT ArMK onuiH,4aeTCR
BbICOKHM COx~epicaiHiem "opraHHKH", noKa3allo, WTO
ee HBaiHmHe npHBOflHT IK 'pa3MawbBaHHwo" B03rOHOB
no Bcemy ra30XOAIHOMY TpaKTY H 3aPAHe RX
xoHaeHIpHpoBaHHe. 143yqeHa B03MO)KHOCTb ocyu~e-
cTBjiemHi npouecca c)KHraHHSI "oprHHKH" Heflo-
cpeA~CTBeHHO B Ine'HOM arperaTe, 'iTo nl3BOJIH4JIO
1IOCTHqb CTCIICHH BO3WOHKH He me~ee 92% peHHRi H
OCMH31 H3 flpOMIPOXAY1CTa flpl EbicicorM cTeflHH
a6cop6UHH H43 ra3oBorH 4ýaw. Hlpexino~eHa ycoBep-
UICHCTBoBaHHa$1 KOHCTI)YKlI4SI U1aXTI4oI4 flqH AjLIIS

o6xcHra MOJIH6AeHOBoro rnpoMnpoAyIKTa.

29



TEXHOJIOUIl H3BJIE4EHH5I PEHHM H3
PACTBOPOB-C ErO HlPEaEJ1HO HH3KHM

CO)AEP2I(AHIIEM

BMH.Boinc, A.1O.BaxpyurnH, A.iI.Beccep*
FHU P(D BcepoccHACKHii Hay'4H0-

HccJ~eXoBaTCJ~bCKHri 14HCTHTYT Hepa~exi Ma-
TepIHaJ1OB HM.a1(aJeMHKa A.A.Eo4Bapa, MocIBa

*FHUj P(D TocyiaapCTBeHHblri Hay'IHo-

14CCJIeJaOBaTen~bCKUri HHCT14TYT L4BeTHbIX MeTajijiOB
"FHHLIBeTMeT", MOCKBa

Pa3pa6oTaHa TeXilojIormm H3BflC4eHHS1 PCHHA 143
TeXHoniorH'ICCKHX paCTBOPOB rHPOH3BOACTBa me)gH c
ero coe)K e OKonIO 0,1 Mr/il (o6opoTbl o6ora-
THTeJlbHb1X 4a6pHK, flpeHa)KHbie paCTB0pbl XBOCTO-
xpaHHJIHIU H T.fl.). TeXHOJIOrHR OCHOBaHa Ha 1H3Blle-
'IeHHH peHHA1 H3 BOIAHbIX paCTBOPOB BbICOKOOCHOB-
HbImI4 aHlHOHHTaMH, ero aecop6UHH c alHHOHHTOB

opraHHqeCKHMH paCTBopamH TrpeTH4Hblx aMHHOB H
nociie~yiouleii pe3KcTpa1HH peHHA 143 amHHOB BO,4-

HbIMH paCTBopamH amMHaIxa.
rIpoBe.1eHHbie Hcr~bITaH14Sl TeXHOJIorHiH (mueC'ri

IIOJIHbIX TeXHojiorm4eCKHX UHIKJIOB) Ha lIHJIOTHOA

YCTaH0BKe H peaJlbHbIX TeXHojiorHt~iecHx paCT~opax
HIM ')K~e3Kca3raH1jBeTmeT" floia3aJil, WT0 peHHAl
MO2KeT 6blmb H3BjiC'leH H43 HHX Ha 70-80% 14 CKoHi~eH-
TpHp0BaH B 103-104 pa3. HecMoTpa Ha CJIO)KHbig
cocTaB pacTBOPOB H HaAh'Hq~ B HHx nHPmecerl opra-
HHqeCKHX'BeLLgeCTB (4urIoToareHTOB, 4IJIOKyJISIHTOB H
¶r.n.), yxygU1eHHS1 xaaCeC 14CT1OJlb3yemb1X B
TeXHoji0rH14 alHOHHTa H pacTBopa amHI~a, OTme,4eHO

He 6buno, a caM TeXHoJIOrHqeCKHri ripou~ecc OCTaBaJICS
CTa6HJIbHbIM.

florlyTHo IIpoICXOJAHT 143BJI~4eHHe pacTBopeHHOri
B 3THX TeXHojiorH4eCKHX pacT~opax meAH Ha 40-
50%. OCHOBHaA qaCmb MeJH JierK~o oTJeJIS~eTCAl OT

peHHRl Ha 0llepauH1 OTMbIBKH HacbhiieHHoro COP-
6eHTa OT HijiamOB BO)AHo-ammHaIHb1MH paCTBopaHM

nepexiaxiecop6ui~eii peHHJI pacTBopom amMlHa. Koi-e'i-
HbIH pe3KCTPal[T COJ1ep)KtT 100-200 Mr/il meJgH 1H 400-
600 mr/ni peHHA H mo2KeT 6bl~b nepepa6oTaH H3BeCT-
HbIMH 3KCTpa~KUHOHHbIMH H4111 COP6LIHOHHbIMH4 me-
TOZaamH c rioJnyleHHem neppe~a~a aMMOHHS1.
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OHITHMH3AUHSI PA3]SABHTEJISI TJMR 13-
BJIE'qEHHA PEHIIS (VII) 3ICCTPAKUHEH

TPHAJIKIIJIANMHHAMH

B.W.Bornc, A.IO.Baxpyw~HH

THUJ PPD BcepocclriCKHri HayqHO-
H~ccneAIOBaTeiIbCI(Hri HHCTHTYT HCopraHH'IecKHx Ma-

TepHaiIOB Hm.aKaJgemHa A.A.Eo4Bapa, MOCKBa

J4ccJiieXOBaHbI 3KcTpaKLUHOHiHbie CBOHCTBa CHCTe-
MbI Ha OCHOBe paCTBOPOB TpHajiKHj1amHHa B Hojili-

aiilxHjl6eH3ojie, Kicai 3KCTpareHTa flxiS 143Bjie4eHHS1
pe~uim (VII) R3 paCTBOPOB cepHOr4 KHCJIOTbl. flOJIY-
qeHHbie xapaKTepHCTHKH cpaBHHBaJ1HCb c allajlorHq-

HbIMH AIAIJ pacnpocipaaeH~oro HpoMbIIj'IeHHoro
3KcTpareHTa (paCTBOP TpHajiICHjiaIlHH B cmeCH Tex-
HHqecKHx CIIMPTOB H KepoCdHHa). IlpeanaraemasI

CHCTema o611araeT HecKcOJIbK~o 6oniee BbICOKHMH4 3KC-
TpaiKlIHOHHbIMH CBor~cThaMH no OTHoiuJHH1O K pe-
HHIO 3a cqeT OTCYTCTBH31 JgenpeccHpyioiu.ero BJIHAHHSI

cnl~pTa. PacTBOPHM~OCm CyJ~b4aTOB amHHOB B flojiH-
aAiKHni6eH3ojie conOCTaBHma C TaiKoBoI4 Anii pa36a-
BHTejiM cnHpT-KepOCHH, OJU1aKO XABYXKOMnOHeHT-

HOCTb npexuiaraemoro 3icc~pareH~a cyI1ICTBeHHO
ynpoinaeT KOHTPOJlb 3a ero COCTaBOm npH flpoMbIUI-

JieHHOH 3KcnjiyaTaIxHH.
B icaqecmie nOJIHaJnKHji6eH3ojia npexJio)KeHa

cmecb H3OMePOB TpH3T11116eH3ojia (B TOM qHCJIe 1, 3,
5-TrpH3THni6eH3onia He me~ee 70%), oI1THmajibHO CO-
qe~aioiilaA 4ýH3HKcO-XHMHqeCKHe (xapaKTep H3OTep-
Mbl 3KCTPaK[UHH peHHS1 (VII) TpHaJIKHniamIHOM, B$13-
KOCTb, nOBepXHOCTHoe HaTSIXKeHHe) 14 TeXHOJIOrHqe-
cKHe (pacTBopHMOCTb B BOXAHbIX paCT~opax, cCROpo-
CTH paccJIaHBaHHJI, Temnepa~ypa BcnblIIIH opraHH4-
qeC~oro pacm~opa) xapaRTepHCTH4KH 3iKcTpareHTa.
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o HEKOTOPhI1X [IPOUECCAX
B HIPOH3BOACTBE COEMIHHEHHfl

BOJ]I6APAMA

H.H.PaKoBa, A.B.bajib3OBCKHri, YI.M.JleoHoBa,

B.K.PymSIHl~eB*
MOCKOBCKlirl rocy~apCTBeHHblri 14HCTHTYT CTaJIH H

CIIJIaBOB
*Bcepocc~iicKHH- HayqHo-HccjieJgoBaTeJIbcKHii HH-

CT14TYT TBepJ~bIX cJIiaBOB, MOCKBa

flapaBoJnbpamaT ammOHH31 ([IIBA) - npome)Ky-
TO~lHbiI4 npOJAYKT B npoH3BO,4CTBe Bojibc~aNma, cBog-
cTBa Hi cnoco6bi nojly'IeHH$R KOTOPOFO onpeajeiuiIOT
KaqeCTBO H3XAejiHri H3 BojiIbpama. B nociieAHHe rorIbi

143 oco6o qHCTOrO RBiA nojnyqaloi roniy6oig oKcIV
Bojibepama (FOB), HcHoJIb3yemb~ir AR flpOH3BOACT-
Ba TBep~bIX cHJ1aBOB H HenpoBHmaoulefi Bojib4)pa-
MOBOrH HHTH. [IB1A oco6or4 'IHCTOTbI roioyqaiOT nO

CJ1O)KCHOr TeXHojiorHqecxrOH cxeme, npiimas HepeIKpH-
CTaJIJIH3aLuHM He HCnOJlh3yeTCSI BcjieJICTBHe maniOM

paCTBOPHMOCTH UIBA B BoJe H4 BOJIHOM paCT~ope
ammHa~ca. OHTHMH~autIA YCJIOBHri pacTBopeHHA,
npaaH~jba HHK~mep~p npo~aiixa
nO3BOJIHJIH flpegJIO)KHTb YCOBepweHCTBoBaHHYIO
TeXi~ionorHqeCKYIO cxemy flpOH3BOJICTBa [IBA no-
BbIuweHHOrH 4H4CTOTbI c cymmapHbIM coe)K~e
npHmecegi He 6oniee 0,007%.

flpoBexletHblii alla.IH JI~p~y~I JIHHbIX
noKa3bIBaeT, 'ITO flpOMbIU1JieHHo I1ojiytiaMblr4 FOB
ilMeeT CJIO)KHbIH XHmHT4ecKHm H #J3OBbriH COCTaB.
COCTaB FOB 3aBH4CHT OT uejie~orO Ha3Ha'IeHHA H
oripexei~eTCAe~ cnoco6amH4 nojjy'eHHBA. 14ccJieXROBaHbI
ci~orcTBa FOB H cnoco6bi ero flofly4eHHAl B arnnapa-
Tax pa3JIH'IHorO THna.

HIpH BCI(PbITHH4 Bojib4)pamHTOBbIX KOHIueHTpaTOB
)KeJIe3O, mapraHetA, TaHTaJI, HHo6Hri, CKaHaJi4 ocTa-
IOTCSI B OTBaJlbHbIX KeKaX, HpeJICTaBjDiioUAHX C06oAi
TeXHoreHHbie meCToO)KN(AeHHA, cox~ep)KaHe ueHHbIX
KomnoHeHTOB B KOTOPbIX Bimiue, 'IBM B pygax. lic-
cjieJIOBaH H npeanio)KeH TeXHOJIOrH'IeCKHHi BapHaHT
folOJyqeHrnI 6oraToro mapraHeLtcoaep)Kaa~erO KOH-

LueHTpaTa, KOTOpblri MO)KHO HcI1OJlb3OBaTb B flpOH3-
BOJACTBe 43eppocflJIaBoB, XH4MH'IecKHx coegHHeHHrl
pa3JIH4HOrO Ha3Ha'IeHHA H xHmH'iecKH~x HCTOqHHKOB

ToKa.
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TEXHOJIO1IIS H AMuAPATYPA HPOUJECCA
HEHIPEP16EBHOFO rHI1WOTEPMAJAhHOFO

OCAXVMEHHSI TPHOKCHJAA MOAMAEEHA H13
PACTBOPOB Ero COJIEff

A.T.mloHH6aeB, IT.A.TpyujHH, A.I0.Liaza6aeB

14HCTHTYT meTa1imyprHI4 H o~ora~ueHH51
(HaUjHoHajibHblrl u.eHTp nO KOmn4LieKCHOrH

nepepa6oTKe MiHHCpajibHOrO cbipbSI Pecny611HKH
Ka3axCTaH), AJIMa-ATa

Pa3pa6o'TaHa H npeLUno)KeHa nHPHHnHaI~JbHO

HOBaA TeXHo3iorHAI ocaicIeHHA T]PHOKcHX~a mIojiiH6.e-
Ha B. rHXPOTepM8abHbIX YCflOBHBX H3 pacTBOPOB
BbIIIleJIa4HBaHHS MOJIH6XAeHoBbIX lPOIAYKTOB, KOTO-
pax n1O3BOJI$1eT B flpombIiujieHHbIX ycj1oBHSIx lpH
coxpaHeHHH OCHOB cywiecTmyioii~eri cxembi moj1H6Xe-
HoB~oro I1OH3Bo~cTBa B KOPOT1(He CPOKH nepeATH Ha
BbinyCK BbICOKOKaqecTheHHOrl mojiH6XaeHOBorH flpo-
AyRuIHH.

HCCMAEOBAHMIE 11PO1ECCOB
KOMILJIEKCHOfl IIIEPEPAEGOTKH

KOHIJEHTPATOB H OTXO)JOB
TYFOILJIARKX METAXIIOB

B.A.KpacHJ~bHHKCOB, I'.F.AHx~peeB, (DA.Bopowu~iHJiO,
T,1.]Fy3eeBa, A.C.JleBu.aHOB, IO.(D.Ko63apb *,
A..aqe* B.H1.mej~ic~oB*, T.C.3ar4UeBa*,

B.rI.CTon16oB*

TomcKHri flOJIHTeXHHqeCKHri YHHiBepCHTeT

*CH6HPCKHi14 xHimH1eCKHrH xom6HHaT, CeBepCic

[IOBbIlueHHbIe Tpe6oBaHHRA K KaqecTBy npHme-
HJIeMbIX TyronhJIaBKHX MeTaJImOB: BOJIb4)amy, pe-
HHIO, monHi6XAeHy H HX cflh1aBaM B aTONIHOA H paKeT-
HOH4 TeXHHKe, 3JieKTpOHHKe, xHmHqecxog ripomblu-
JleHHOCTH H AprH o611aCTAX HaYKH H TeXHHIKH,
npel~nojiaralOT ycoBepweHcHTBoBaHHe TeXHojiorHH Hx
nnOJyleHHsI, pacwi~peH~e aCCOPTHmeHTa 143aeniHr H
H~x yxaeteBjieHHe. Oco6o I1pHCTaJ~bHOrO BHHmaHHSI
3aCJ1y)ICHBaeT nepepa6oTKa OTXOZAOB TyroHJiiBKHIX

MeTaJiJoB.
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ORHHM H43 BO3MO)KHbIX nyTeA COBepuieHCTBoBa-
HIMI TeXHOJIOFHH flojiymeHI41 peHHA A1BiI~eTCA1 HcHOJlb-

3OBaH14e ra3OcýTOPHAHOR cxeMbi riepepa6oTKH me-
TWMUH4ecKHx OTXOAOB 14 KOH1ueHTpaTOB peHHAl,
BOJIbpama ii moj1H6XaeHa.

PECYPCOCEEPEFAIOHAAS TEXIIOJIOFMA
HlPOH3BOJACTBA COEaHHEHHfl

BOJIIAWPAMA

F.B.BepeBK1HH

3A0 "3aniaRHO-Ci6HipCKaA KomnaHHA",

HOBocii6HPCK

COBpemeHHaAI TeXHOJIOFH14 HpOH3BOaCTBa coegiH-
HeHH14 BOJ~b~lama xapaKTepH3yeTCA BbICOKHM pac-
xo)aom peareliTOB H 6oibmuHm o6¶bemom 3KoJlorHie-
cKH oflaCHb1X coj[eBb1X CTOKOB.

HaMH B COJ43Y)KeCTBe C PS1aOM 14HCTHTYTOB Axa-
JaemHH HayK 1H oTpacJIiBbIX HHCTHTYTOB B TeqeHHe
nocflegHHX 15 nieT pa3pa6arblBajlacb K0HUCHUHA1

gaHHoro niepeaj~eia, OC1J0BaHHaA Ha 3KCTpaKLtHOHHOM
(uIMi COp6QUioHHOM) X0HLueHTpHpo0BaHHH Bojlb43ama
HeI0cpeDgcTBeHHO 143 4)14JIbTP0BaHHbIX UwejiOKOB 6e3
HefiTpaJIH3aI.XHH 1H36bITOqHOr4 C0jb1 Himh wejloqH. B
peyl~~ 3a~epiue~a pa3pa6oTxa 3TorO 3aMKHyTO-

ro no0 maTepHaJIbHb1M rIOTOKaM TeXHojiorHimecKoro
npoi.jecca.

BMHrOJIHeHHbie HccJ1CIOBaHHMA no maKPOKHHeTH4Ke
ripoulecca rioKa3bIBalOT, 'ITO HecmOTPA1 Ha 6oniee HH3-
Kyio o6meHHyio eMKOCTb 14CnOJIb3yeMbIX A31M ICOH-
14CHTPHPOBaHHS1 Boji~b4pama 3KcTpareHTOB, napa-
meTpbi maccoo6meHa ripeBOCXOLAST TaKOBbie X~IS1

npHmeHS~emor HOBcemeCTHO TeXHojior14H flpOH3BOa-
cTBa COeRHHeHHHr BoJlb~pama, 'ITO nO3BOJIBeT rIO'TH
BqBoe COXpaTHTb 061,eM TeX~oiiori~qeCKOrOoO6opy-
AOBaHHA.
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TEXHOJIO1MII ILEPEPABOTKII
BOiI164PAMCOAEPWKAUIIHX OTXOLAOB

B.A.KpaCHJ~hHHKOB , F.F.AH~peeiB,
(D.A.BopoWHJIOB, T.W .Fy3eeBa, A.C.J~eBUwaHOB,

IO3ID.Ko63apb*, T.C. 3arlixeBa*, A.K.JleaIoBCIc~iX*,

B.rH.UllexIXoB*, 3.O.flOPTHlrHHa*

ToMCKHIA noJIHTeXHI~qecxiiHH YH14BepCHTeT

*CH6HpcKHRi xHmHqeCKI414 KoM6HHaT, CeeepCK

OCHOBHOiR L"ejibio RaHHOR pa6oTbl SIBRISITCSI IC-
cJIegoBaHile ripo~ecca nepepa6oTKH OTX0AOB BOJIb4)-
pama H4 nojiyqeH~e KOHAHIAHOHHoro meTaxiJa B ma4e

HOpOILIKa, Bojimb4pamOBbix rloicpblTmii 14311H KoMnaKT-
HbIX 143geJiHrH.

CpaBHeHJ~e TpaAH~4HOHHbIX meT0XA0B nepepa6oT-
KH OTXOXA0B BoJII~ama c paapa6oTaHHbIM HaN4H
meTOJIOM 43TOPHgHorl nepepa6oTKI yKa3bIBaeT Ha

flpeHmyi~CTBo nocJIegHero.

HEKOTOPhIE HAHPABJIEHHSI 3KOHOM14II
PECYPCOB IIPH flIPO-

METAJLIIYPrHMECKOfl DEPEPABOTKE
BOJIIA(PAMOBbIX HlPOJAYRTOB

.JI..KjiSI4KO, B.H.rnymuKoB3, B.K.PYMSiHuJeB

BcepOCCH11CKHiR Hay4Ho-14ccJieAoBaTeilbCKY~f4 H npo-
eKTHbII4 HHCTHTYT TyroniiaBK14X meTaiL1MOB H TBepgb1x

cnJ1aBOB "BHHH4TC", MOCKBa

flpoH3BogACTBO BojiIbpama H4 cnJaBOB Ha ero oc-
HOBe BeJIeTC31 13 BOJIb4)amoBbix coegi4HCHHI49, LIHCT0-

Ta KOTO~bIX no cogep)icaHrno npHmecei4 o6ycniaBJI14-
BaeT B3 6on~bmlori CTeI1eHH xa4ecTBo 1'OTOBo4 fipo-
gYRU.HH.

Ha146oJmtuas oq14cTica OT flpHmecef4 ocymLeCTBJHI3-
eTCA flpH r14gpomeTaJiJypri4qecxori nepepa6oTKe
Bojib4~amOBbIX KoHi.~eHTpaToB.

B aoKJiage paccmoTpeHbl BoflpOCbI BCKPbITHSI
BOJlb~pamOBbI1X KOHueHTpaTOB c ueJIbio nojiy'ICHHH
pacTmop~moro COeAHHeHHI43 BOnb~pama - BOJlb43pa-
maTa HaTPHAl, H0Bbie cnoco6bi nepepa6oTKI4 pacTBo-

POB BOJIb~pamaTa HaTPHK C r~HmeHMeHHem HOHHoro

o6meHa, cnoco6bi oHTHmaJlbHOA nepepa6oTKH
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OTXOJAOB, coaepxKainHX BOnbc~am, a raioie crioco6bl
YTI4JTIH3autiH BoJIb4pama ii JApyrmx xiImH-eciaHx co-
eJgHHeHHA H3 CTOqHb[X BOA~.

HlpegaoieHHbie HIYTH 3KOHOMHHI BOJ~b~iama,
peareHTOB, KaflHTaJlbHbIX BJIO)KeHHU ycne~lHO pea-
JIH3OBaHbI B ripKTHlKe nIPOH3BOJACTBa.

BHEAPEHHE HA Y3KT)KM HO0HO-
OUMEHHOI4 TEXHojiorHH O'IHCTKH

PACTBOPOB BOJMhIDPAMATA AMMOHUII
OT MOJIH41;,AHA

3.A.flHpmaTOB, A.A.BJIOXHH

Y36eKCKHAii com6HHaT TyronliiaBKHiX H )KapoHpo4HbIX
meTaJrniOB, 'IHPMHK

HIpH npOH3BOACTBe BoJ~bcIamOBOR fIpOBOJIOKI4

ansx Jiamn o6iuero HaHqeH (YIOH) perniamerHT-
pyeTCA npHMeCJb monHi6JeHa He 6oniee qiem 0,03% Bec,
a xi~na rajioreH~bIXix iamI He 6oiiee 0,005% Bec.

rIpOBegLeHHe KomniieKca HccJieJgOBaHHri O'IHCTKI4

paCTBOPOB BoJIb~pamaTa amMOHHSI OT npHmeceI4, B
TOM 4Hcjie H OT mojiH6geHa, 1IO3BOJIHJIO Bb16paTb

HHoI406meHHYIO TeXHoniorHIO, 1COTopasi BIXJ1OqaeT B

ce6si CnleiyiOLU~e OCHOBHbie CTaAHH:
-o6pa6oTICy pacT~opa A0O3HPOBaHHblMH xOJIiule-

CTBaMH CyJlhc13HaJa aMMOHH1 c UleJlbio nepe~ojga MO-
jiH6JAeHa B (bPM THOKOmHJiiKca [MOS4]2 -;

-rppriycxaHHe paCT~opa qepe3 KOJIOHHY C CKJub-

HOOCHOBHblm aHlHOHHTOM, H36HpaTeJIbHO cop6H-
ppIoLHm MOnHi6JgeH;

-yriapxy otiHue~HHOrO paCTBopa H XpH4CTaJIJIH3a-

uinH rnapaBOJlb~pamaTa amMOHHSI;

-pere~epait~io alHHOHHTa ny'rem o6pa6OTmH ero

pacTmopom OICHCJIHTeJIA.
B xiaqeCmie cop6eHra 6 blIf Bb16paH alHHOHHiT Bfl-

lAu 6JIi31KHii no CBoHM eMKOCTHbIM xapaKTepHCTH4-

KaM K ApyrHM CHJIbHOOCHOBHbim alHHOHH4Tam (AM,
AM-n), Ho iierqe pere~ep~pye~bli H XHMHqeCKII

6oniee CTOr4KHrH B YCJIOBHSIX pa6oTbl B LqHKJiix cop6-
LtHSI-pereHepaI~HS, a B Kal~eCT~e OKHCJIHTeJISI - a30T-

HaA KHCflOTa. BHexapeHne 3TOH4 pa6oTbl HO03BOJIHJI0

KOm6HHaTy pelUHTb npo611emy nojiy4eHSiA BOJIb4lpa-
MOBOR HPOJAYKUHH41 BbICOIKOA 4HCTOTbl no mojIH6ge-
Hy.
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HlO) OTOBKA IIEJEFHTOBOI'O
KOHIJEHTPATA ILEPEA rMAJPO-

METAJUIypFHqECK[IM DEPEJEI"OM C lE-,
J116l0 HOBLEIIIEHIIS CTErIEHH

H3BJIE'IEHHSI BOJJI6APAMA

3.A.rlmpmaTOB

Y36eiicKHAic om6HHaT TyroniLiaBKHX H waCpoflpoqHbIX
meTaJIJIOB, qHpxHK

OcTaTXH (ýJOTOpeareHTOB B lue~iiHTOBOM KOH-

I.IeHTpaTe flpH aBToKJiaBHO-COAOBOM Bbrnxenia'HBa-
HHH He paplaOC H 4)JIOTHpyIOT Bo3ib~Pam B
IneHHbiri npOJWKT 3a cxqeT Bbi1~CjieHHI1 C02 H napoB

BOAl1bI. B pe3yflbTaTeCcHH)KaeTcm CTeflCHb nepeaoxaa
BOb4~pama B paCTBop Bo3Ibc)pama~ra HaTpHJI, T.e.
CHH)KaCTcA H3BnC'qeHHe OCHOBHoro iKomnHoHHTa.

C ueiibio oiHCTiKH 1UeCJIHTOBoro XOHI.eHTpaTa OT
ocTaTKOB (DflOTopeareHTOB, 34cH1.IOrO CTeKfla H flpH-

mecer Kap6oHaToB H CYJIb64)HzOB pa3pa6oTaHa H
BHeApeHa TCXHojiorHI Or~oI~ToBKH KoHiCeHTpaToB,
BKJUOqaioUilaI B ce6iq:

- fpOKaJIKY BO Bpau~aionw~xcA neqax flpH Temne-
pa~ype 400-420*C;

- flpoMbIBICY MHHepaJlbHbIMH KHCJIOTaMH (a3oTHaq
IKHCJIOTa KOHUMeTpaLimerl 25-30 r/Im).

Pe3ynbiTaToM BHe~peHHSI 3TOR TexHojiorHH SIBH-

JIOCb CHH2KeHHe coAep)KaHHSI BoJRb4)pama B B~bi6poc-

HbIX iceKax Ao 0,84O,91/o H yite3IHqeHHe cTeI1CHH nepe-
Bo)~a BOJl4pama B paCmBOP Ha 1,5-t2,0%, a TaiK wie
co~ep)KaHHA OKCH~a BOJb4pama B o6pa6oTaHHOM

KOH1geHTpaTe Ao 72% (o6bixlHo 60-65%/).

KOMIIJIEICCHASI YTHAH3AUILS HPOMMIUi-
JIEHHI1X CrOKOB rHJAPoMETAJIJYMrqE-

CROFO H1POH3BOACTIBA BOJIb4APAMA H
MOJIHBJEHA B YCJIOBIISX Y3KDKCM

3.A.flapmaToB

Y36eicCXai~ KOm6HHaT TyroniU1BKHX H )KaponpoqHbIX

maMCBJJOB, 'IHpqHK

H43yqeH cocTaB CTOKoB FHAzpoMeTajuIJyprH'IcCKoro
flpoH3Bo~cTBa moniH6AIeHa H Bojih4)pama, 1CoTophie B

OCHOEHOM COCTOIIT H3: HaTpHeBOiR cejiHTpbi,
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ammiialiHog ceJIH-rpbl, cyJibcj#Ta HaTpHi~, cyjibcl)aTa
amMOHHB9. 143 MeTajijiOB HpHCYTCTBYIOT BOiIb4)am,
moj1H6JJqeH, PeHHH H B 40CTaTOqHo 6o~bulHX 1(OJIR-
EieCT~ax - me~b H )icene3o.

Pa3pa6oTaHa TeXHOJIOrHA 143Bj1e4eHHRg meJiH H

)Keiie~a H3 CTOKOB, KOTOpaSI nl3BojiMieT H3BjieKaTb
3TH MCTaijifbi nIpaKTH4ecxH flOJIHOCTbIO. 143 CTOKOB,

coe)a~ HaTpHeByio CeJIHTpy, HIOJlyqeHbl KaJIb-
IAHHHPOBaHHaSI cojaa H4 TeXHHMtiCKH4 IHCTaS1 HaTpHe-
Basl ceflHrpa, KOTOpbIe BB03ATCA B Pecny6nmxy no

HmflOpTy. OCTaBiUueCsI CTOK1H ynapHBaIOTCRl jocyxa,
H HojiyqaeTC51, Tax Ha3bIBaemaA cmeCb coiiefi, co-
CTOslai ~MH3 HaTpmeBOA H4 CyAMb4oammHa4HOH ceiiHT-

phI, CyJlb4)aTOB HaTP14I Hi amMOHHSI, KOTopaq tic-

flOJlb3yeTC51 KaK KOmJiieKCHoe yj~o6peffie, o6ora-

iLueHHoe MH4Kpo3jiemeHTamH.

rIIPHMEHEHHE HOBEPXHOCTHO-
AK'THBHMIX BEILWCTB (flAB)

B rHAPOMETAJUIYPFHH BOJIIADPAMA

3.A.17IHpmaTOB, B4.I.,I2IIoce6eKOB

Y36eKCxliA KOm6H4HaT ryrOnJiaBxi~x Hi xaponpolqnbIX
mCTajijiOB,'IHp4HK

Pa3pa6oTaHa H BH~j~peHa TexHojiorHSI O4HCTKH

BOJIb4~amaTHbIX PELCTBOPOB OT KpeMHH5M c HpHmeHe-
HHem4 rOBepXHOCTHo-aKTHBHbIX Beu.~eCTB (flAB).

I43yqeHbl BJIH5AHHH TemnepaTypbi, KOHiUeHTpaLuHH
flAB, MHHepanJbHbIX KHCJIOT H H~X amMOHHHfHbIX CO-
Jiier Ha ocBaKLaeHHe KpeMHHq B iipoilecce HeNiTpaJiH3a-

IIH14 COAOBbIX BOJlb~jpamaTHbix paCTBOPOB H4 Harl~e-
HbI OnTHMaJ~bHbie pe)KHMbI npoLuecca.

HlperxnoxeHHa.R TeXHOJ1OrHJA B~ap Ha pa6o-

TaiouweM o60pyAzO~aHnti uexa N2b 4 Y3KT)KM H no-
3BojiHJia coKpaTHTb nOTepH Bojib4~pama, KOTOpbIe

o6pa3oBaiiiicE flii rHEPOJIHTHqeCKOM cnoco6e o'IH-
CTKH Bojib43pamaTHbIX paCTBOPOB OT KpeMHHA H3-3a

HenoJIHor o ca)KIeHH.R, IIJIOXOR 4)HJbTpaijmH H YHO-
ca nojre3Horo KOMrHOHeHTa C KpeMHHeBOr4 KHCJIOTOrH.

YBenwlqeHa CTeneHb OqtHCTKti OT KpeMHHSI, coaep)xa-
HHe KOTOporo B Bojii643pame meTaiiJiHqeCKcOM orpa-

HH11eHO He 6oniee 0,003% Bec.
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3KCHPECCHOE OUPEMEJIEHHE
MOMO)IBEHA B TEXHOJIOVIHqECKHX
PACTBOPAX C HCHIOJE630BAHMEM

HPOH3BOliHOVl CDIEITP04DOTOMETPIM

IO.B.JIaemHH

14HCTHTYT reoxHMHH H alHMHTHqecKor XHMHH HM.
B.1.BepHar~cioro PAH, MOCicna

HaA~eHo, WIO meToJA nepsorl np0H3BOXAHOA no0-
3BoJISCT 3Ha'IHTCJnbHo fOBbICHTb CciieKTHBHOCTb
onpe~enieHHA Mo B flpHCYTCTBHH Nb H V (6e3 npeA-
BaPHTeJlbHoro Hx oTX~ejieHHJI) B cepHOKHCnIOi cpe~e B

npHCYTCTBHH nepo~cH~a Bo~~opo~a H CylqOH~a
30.

Pa3pa6oTaHa 3KcnpeCCHax (Bpem.ts allaIH3a 8-10
MHH.), ' -IYBCTBHTejibHaA (Ao I mr/ni MO) H ceJieKTHB-
HaA N4eToAHKa o11pe~ej1CHHI MO B TeXHojiorH'IeCKHX
paCT~opax (Mo MOWKHO oflpCe~flTb B flpHCYTCTBiHH
1000-IcpaTmblX KojiH'IecTB Nb, 4)TOPHAt-HOHOB H )Apy-
rHX 3iiemeHTOB; 30-KpaTHbIX KOJIH'IcCTB V H T.A.).
MeToAHKa xapaKTePH3yeTcA JtocTaTo'IHOA Bocnpo-
l13BOAHMOCTbI.: Sr = 0, 16 Auu 3,1 Mr/ni Mo.

3KCIIPECC-AHAJI13 HPH4POJJAHMX H
TEXHOJIOrHq1ECIHX MATEPHAJIOB HA

COXAEPRKAHH PEHHSI

JI.B.BopHCOBa, IO.B.iAemHH, O.B.Bo)icxOB*

14HCTHTYT reOXHMHH H allajIHTHxiecxori XHMHH
HM.B.H.Bepna~cKoro PAH, MOCK~a

*H4HCTHTYT o611jeA H HeopraHH'leCc~ici XHMHH

EonirapcKori A~a.IeMHH Hayx

ARAn allaJIHT'ecxoro KOHTpojiJ[ flHPHOJHb1X H
TeXHoreHHb1X MaTepHaMOB Ha coAep)KaHHe peHHA B
arpeCCHBHb1X cpej~ax, nojiy'iaembix nocnie pa3nio)Ke-
HHJI 3THX MaTepHaJIOB, pa3pa6oTaHa cepHN BbICOKO-
344eFKrHBHbix flpEMb1X XHHeTHtieCKHX meT0ooB c
4ýoTomeTpH'IeCKor HJIH BH3yajibHOAi HHAHKaUlHert,
OCHOBaHHbIX Ha KaTaJIH3HpyCmbix pCHHCm red-ox
peaKLIHAX opraHH'1CCKHX peareHTOB.

Pa3pa6omaHb BblCoKouqYBcThHTenibHbie (AO
I Hr/mni Re) H H36HpaTejibHbIe meTOAbl Ha OCHo~e
red-ox peaXLIAHI AHW)eHHflaMHHa B cmeCH ICOHLI.H2S04
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H HCI, CYJIbL4OHHTpa3O P B cmecH H2S04 H HNO3,
JrnMeTHJA14~THooikcamH~a B KoH-4. NaOH B filpHCYT-
CTBH4H OKCHcJIHII~eHit. MetoXUi no qyBCTBHlTejihHOCTH

He YCTyHaIOT A3C-1H ti macc-cneKTpaJ~bHoMy, HO
6oniee 3KOHOMH'IHbI (He -rpe6yioT R~opororl annapa-
Typhl), 3KcflpCCCHbI (15-20 N4HH.), He Tpe6yioT npeja-
KOHU~eHTpHPOBaHHSI H oT)~IejiHiHM Re Or maTpHLtbl.
MeTojRbl yciieiUHo HCflOJIb3oBaHbI RJIAuI cepHrHHblX
alHaJIH30B TCXHoJIOrHqecKHx paCTBOPOB H npOAYKTOB

ByjiicaHHqcCKor4 flesITenlbHOCTH (oc-rpoBa KypHn~bCKor4
rpAJabI), Kal( B CTaLXHOHapHbIX, TaK H4 B flojieBbIX YC-
JIOBHAX.

OCHOBHhIE HPW~OCbU1KH
COBEPIIIEHCTBOBAHHAS L'HJLPO-

MIETA.JIIYPF-H'qECKHX HIPOIWCCOB
HlEPEPAEGOTKH MO3IH1aH-

COJAEP~ICL1EFO Cb6IP16A

A.E.Bopo6beB, B.B.Xa6HpoB *

MocKoBCxIHi rocygapCTBeHHblr4 rOpHbIA
YHHBepCHTeT

*HaUHona~bHaA aKaaemHA HayK KblprbI3C'raHa

O'rmeqeHo, 'ITO coBepiIJeHCTBOBaHHe HpoLueccoB
BK(PbITHSI MoJIH6,LaeHco~Iepxcam1ero CbIpbAl npi rHLipo-
meTaJJIypFH4qeciKor nepepa6omxe OJI)KHo flpOBOXAHT-
CAi B HaripaBjieHHH HHrH6HpoBaHHAl coIITCTBYIOUAHX
emy BMaHmoa1erlcTBH, HH4LHUHHPOBaHHA 1HCXOAHbIX
peareHTOI3 H B3aHmo)~eriCTBYIOI1UHX cpejA.

floKa3aHo, 'ITO flPH BK~bITHH4 MojiiH6,eHo-
peH~e~oro CyJI4ýHAJHOFO CbIpbAl a3OTHOri KHCJIOTOA
HmeeT meCTO i~enias COBOK~rHHOCTb BTOPH'IHbIX Tex-
HojiorH'IeCKH BPCAHbIX HpoueCCOB, pe3KO CHH)Kaio-

UiHX BJiiH'IHHY H3BjieqeHHA MOJIH6AeHa H peHHN H
npH4BOAAMUHX K o6pa3oBaHrno0 3Ha'IHTeJIbHOrO KOJIH-
liecrBa OTBaJlbHbIX KeKOB c cogep)KaHHem 1,0-3,5%
monH46JeHa H 0,0 1% penHH.

Pa3pa6oTaH H4 ocyiIecTBjieH B HpOMbIUIJIeHHOr4
npaxr~xe meToA HHrH6HpoBaHHSI AAAI mojiH6lIeHo-
peH~e~oro CblpbSI, 3a~dl1O'aioigHrHCA B XHiMHKO-
TepmH4CCKOr4 o6pa6orice pyjA KOHUCeHTpHPOBaHHOr4

cepHOrH KHCflOTOr4 HpiH aTmoc~3CHOM JgaBjieHHH B

AHana3oHe remneparyp 120-160'C. Mero~zj nO3BOJIA-
er JIHKBHAHPOBaTh Bce He)4Ce3TaTeilbHbie 6apbepbl
XAH4xFY3HOHHoro riopAUfla, npH4BOJIHT Kae~CTPYKWHH
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opraHilKi, npejaOT~pa~uaeT o6pa3oBaHHe 3flemeH-

TaPHOR CepbI H BbIJaejieHHe nojHmmonH6XaaToB, yc'rpa-
HSIeT YCJIOBPH 3KpaHHPOBaHHAl LjeHHblX MHHepajioB
Bmeu~aioiuHmH nopo~arvrn, 'ITO o6ecne'IHBaeT npip
,aajibHeiu~em BCKPbITHH nojlyqeHHe Becbma BbICOKH4X
noKa3aTeiiei l13BjieqeIHH51 UeH~bIX KomrIoHeHTOB.

PA3PAEGOTICA YHHWIIOIIPOBAHHOFO
METOJAA OHPEAEI~EEHHS1 PEHHSI B

MHOrOKOMHIOHEHTH]6IX OKCH)IjHbIX
KOM11O3HLUH$IX

;j.B.;jpo60T, A.B.Bena.eB, B .A.KyTBHuKHri,

A.fl.PblceB

MOCKOBCKaA rocyj~apCT~eH~aA axajgemHA TOHKOA

xHmH'eCI(OA TeXHOJIOF1HH Him.M.B..J1OMOHOCOBa

Coo6w~eHHe IIocBBIeHO C03,LaaHHIO 344eKTHBHOA

meTOJAHKH nHrHOToB3IeHHA peHH~co~jep)KaHuiHx CTeK-
JIOBHLAHbIX oGpa3uoB cpaBHCHH1 Ml~IA peHiTreHo4ýJIYO-
peciueHT~oro ala.JIH3a Ha OCHOBe OKCH)AOB BHCMYTa H
6opa. flpexj¶o)KeHa meTOAHUKa Ha OCHOBe BBergeHHSI B
LUHXTY peHHA B BHXge maiioiie~yqero OKcH~a - OKCHJaa
peHHSI (IV). ARAJD floflyql4AH5 CTeKiia C OflTHmaJIbHbIMH
4IH3HeCKHMH CBoricTBamH4 KOHiueHTpauHiA Bi2O3
(O.C.11) XAOJDKHa COCTaBJlATb 70% (Macc.). YCTaH-oB-
nieH of~lTHmJIbHbIri pe4ctim CHHTe3a, CTeKJIOBHJAHbIX

o6pa3UoB c pa3JlH'IHbIM (OT 0,1 gio 3% (Macc.)) co-
AepxcaHHem ReO2: noiiymeH~e T~epxaoro paCTmopa H3

OKCHAOB Bi H Re npH 750'C B TexIeHHe 3 ii., 3aTem
flIiaBjieHHe UIHXTbI c B 203 C BbiaepXCKK09 peaKU.HOH-

HOA cmecm HpH 800 0 C B TeqeHHe I qi. rloflygeHHbIe
C~exjia Hcciiej~oBaiiH meToX~amH peH-rreHoq3jiyopec-
iUeHTHoro allaJIH3a H TpaAH[AHOHHbIM cfleKTPO4)OTO-
meTpH'IeCKHM poX~aHHXAHbIM. YCTaHoBjieHO CHJlbHoe
6y~epHpyiou~ee BJIHJIHHe B20 3 B flPHCYTCTBHI4 KOH-
LteHTPHpOBaHHOri HCI. Pa3pa6oTaHHaAI meToLAHia
nlO3BOJI~eT OflpeI~efIATb peHHH B COC~a~e OKCHA~bIX
cmeceri B HHTepBaJii ero co~epwaHHA 0,01-10%
(Macc.) C SrO0,O3.
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III CEKLUH$

CMJLABbI1 H H lI P14MEHEHHE

XHMH'qECKHE ACHEKT161 HPOH3BOACTBA
HEHIPOBHCAIOIIER BOJI]6(DPAMOBOf4

HHTH METOJAAMH HIOPOIIIKOBOfl
METAJIJIYPITHH

K.-14. JIyHl(

Kom~iaHHSI 'OSRAM SYLVANIA Products Inc."
TOBaHXqa, fleHCuHJ~BaHHu1, CMlA

OTMeqeHo, 'ITO HecmOTp~q Ha nporpecc B o611aCTH
pa3pa6oTKH HiCTO'IHHKOB cne~a c flOBbIuieHHOri BII-
COK09' CBeTOBOr4 OTxI~aqee, iiamnblb HaKJIiHBaHHA R~O

Clix flOp HaxO)ASIT U11POKoe flpHmeHeHHe, a B HeICOTO-

pbix cjiyqaAX XIA5 HHX He HaHJieHo ajteKBaTHOA ajib-

TepHaTliBbi.
BO Bcem MHpe npoulecc flpOH3BogcTBa BOJlbdlpa-

MOBOI' HIITH meToflamH flopoWKOBO4 meTajUiiypriHH
Ha'IHHaeTcA c "roiiy6oro OKcHJaa Boflb~pama", KOTO-

pb114 nojiyqlalOT npOKaJ1HBaHHem B aTMoc4lepe BOflO-

pojga Te~parHwnpa~a napaBonibqpamaTa amMOHH51

(APT4H2O), (NH4)1O[H2WI2042] 41-120 "Fojiy6oil
OKC149 Bojibcllpama' He sIBiISeTCq 1 IeTKO c43OpMyJIHpO-
BaHHblM COeJU4HeHHem, 3TOT TepmHH HcnOJlb3yeTC51

Anx~ o6o3HaqseHHAnp 1OJAKTa rony6oro ".BeTa c o6-
mLerl 4ýopMyjioi xNH3-yH2O*WOn, rije n<3. [IomHmo
KpIHcTaiJUIIT.eCK14X COe)IHHeHHri (W03, reKcarOHaJlb-
HaA 43a3a Boni4)paMHlCTori 6pOH3bl W20058, W180 49,
W0 2) "roiiy6oft OKCHJA BOJMb~pama" mo)KeT cojgep-
)KaTbaxo 50% am~p4ýHOrH 4a3bl.

HoKa3aHO, 'ITO xHmH'IecI(HII, KOJI14qeCTBeHHbIfi

peHTreHoCT]pyKTypHbIH aHlaIH3 flopoUIK H4 aHaJH3

o6meiia NH4 +JK+, a TaK)Ke tiCCJIeaOBaHHA~ Ill NMR c
EbICOICOI pa~peiuaiou~ei cnoco6Hocmslo XalOT Oji-
HylO H4 LOCT0BepHy10 xapaKTepHCTHKY pa3JlH'l-

HbIX BHJAOB "roniy6oro oicciia BOJlb4~pama". TOnb-

KO OXCH~jbI C HeKOTOpb1M coJgep)KaHfIe reKcaro-
HaJIbHOH aM~oHHeBO-BOJlbq~paml4CTOi 6poH3bl,
h-(NH4)(WO3)(0,33), o6HapyXKHBaIOT BHeXapCHHC K+
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nyrem tioioo6meHiHoro mexaHH3ma B npoutecce
niier~po~aHHRa

OnHcaH cnoco6 "nierHpoBal*¶a' roniy6oro OKCHJaa
Bonib~pama, 3aK3Il~aoalOIHriCsI B o6pa6oTme ero BOq-

HbIN4 pacTEopom, cojaCp)Ka1LHM KJIlHA, KpeMHitlr H
aJiioMHHHri c o6uWerl KOHLteHTpagiierl 5000 ppm, H4
o6ecneqiiBaioiu~Hrl OTJlH'qHOe conpOTH4Bji1HHe nOfl3y-

LICCTH Talc Ha3bIBaemOrH aenpOBucaiolU~r BOJnb4pa-

MOB09 HHTH fipH BbICOKH4X TemnepaTypax. HIoxa3a-
HO, 'ITO jierHpOBaHHaSI BojlhJpamoBaA HH4Tb, npexA-
CTaBjiisoua.qas co6or4 KOmfIO311T, cozqep)Klga.fiir alBa

Heiier~pye~bIX 3iiemeHTa: BO~b4~am H4 xaJIH9 - YHH-

Kailbila. YCTaHOBjieHO, 'ITO COIIPOTHBjieHHe n0J13yxIe-

CTH o6ecne'IHBaeTCA 3a cqeT MH4KpOKOHI~eHTpa~tIHr

KamaH (nopsijaia 70 ppm), pacnpe~enieHHOrO B

BOJIM4Ipam0BOri H1HTH B BHi~ge HpOflOJlbHbIX PRXJ0B

2KHJAKHx Him ra3006pa3H-bIx fly3blpblcOB. KpeMHHri H
amIoMHHHri culy)KaT 4CKIUUO4HTejibHO B Ka'ICCTBe
BcnoMOraTeJlbHbIX KomnOHeHTOB, Heo6xoaiHmbiX Ha

CTaAHSIX BoccTaHOB1j1eHHS1 H cneKaHHq.

HIIIUMIM~I PA3PA]6OTKI CILJABOB
PEHUJI

K.).floBapoBa, M.A.TbLJIKHiHa

HHCTHTYT meTaJimyprHH iim.A.A.BarlKOBa PAH,
MocKBa

B OCHOBY pa3pa6oTKH cniiaBOB peHHS1 flojioX(HbI

AxHarpamMbI COCTOS1HHS, A~ramb COCTaB-
CBOH-CTBO H oco6eHHOCTII BJI14AHHH1 TepmoUIiaCTH'Ie-
CKOA o6pa6oTicH Ha CTIPYI(TYPY H CBOACTBa cniiaBOB.
H43y'IeHHe AZBOrlHbIX H4 MHOrOIKOmnOHeHTHbIX alHa-

rpamm COCTOS1HHSI c y'ICTHem peHHII nO3BOJIHJIO

onpe~ieiu4Tb o611aCTH romorHHOCTH TBepJ~hix pac-
TBOPOB, rz~e peHHI4 BbicTyHaeT KaK OCHOBa HiH nierH-
pyio11xHH 3JiimeHT, o611aCTH romoreHHOCTH HHTepme-

TaJJIHqlecKHx CoeXIHHeHHri, a Taicxe TemnepaTypbl
4)a3OBbxx flpeBpaujeHHri, ycTaHOBHTb 3aKOHOmepHO-

CTH 4jI3HKO-xHmH'IeCKoro B3aHmoJ~CricTBHA peHHA C
3JiimeHTamH H~epHoqHiieCKOri CHCTembi H Bbi1eniHTb

KOMrIO3HUtHH, nepcHeKTHBHble XL.ISI C03Aa~HHAI OHCT-

PyKUIHOHHbIX cHJiiBOB H/HJIH cnLJ1aBOB co cneLtHaJIb-
HbIMH 41H3H1C0-XHmH'IecxHMH H cniyice6HbIMH CBOHICT-

BaMH.
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PEH14lr B WIAPOfHPOqHbI1X HHKEJEBbIX
CHIJIABAX AIJlIA JIOHATOK FA3OBbIX

TYPUHH

E.H.Ka6nioB, H.B.H~eTpyIUHH, H.F.OpexoB,

F.M.Fnie3ep

THUI P(D BcepoccHricxHfi Hay'IHO-

HccJne)oBaTenbcxHrl HHCTHTYT
aBHallHOHHb1X maTepiHajiOB "BI4AM", MOCKBa

143nio)KeHbI OCHOBHbie nfflPHHiHrbi jieFHPOBaiHS
2icaponOtPOHbIX peHHricoJgep)Kai1u HH4KeJ1eBbIX crijia-
BOB (nonIHKpHCTaniiwiiecxHx co Croj16qaTOH- CTpyK-
TypOiR H MOHOKpHCTaJiniH~eCKHX, a Ta~we 3BTeKTH-ie-

CICHX K(OMflO3HTOB), BKjUioqaiolUHe Bb16op xHmHqe-
CKor o coa~a I1epcneKTHBHbIX Komn03HLUHr H ýp
mHpoBaHiHe 3agaHHor4 CTpyKTypb!. Hloxa3aHa Heo6-
XOIAHMOCTb nHmeHMeHH1 allaJIHTHqeCKHX meTOJAOB H
KomnbMOTepHoro npeTPOaH B npoixecce C03-
JaaHHsl )KaponOflOHblX MaTepHajioB, KOTOpbie n103B0-
JTIAOT maKCHMaJlbHO orpaHH'IHTb 3KcnepH~meHTaJnb-
HpIo 6a3y noHciKa, coKpaTHTb BpeMSI pa3pa6oToI( H
3Ha'IHTeIIlbHO nOBbICH4Tb HX 3~44eKTHBHOCTb.

KOHCTPYKQHOHH161E MATEPHAJIbI HA
OCHOBE MOHOKPHUITAJIJIOB

MOJIHI4IEHA, BOJIIADPAMA, HHOEIGH

A.A.Acrpe6x(oB

HflO "Jlyti", rIOAOJIbCX, MOCKOBCxoii o611.

Pa3pa6oTaHbl KOHCTPYKLUHOHHbie maTepHajibI Ha
OCHoBe MOHOKPHCTa1JUIOB TyronJ1aBKHX MeTaJLJ1OB
(mojiH6xeHa, Bojib64pama, HHo6HSI). Eniaroz~aps OT-

CYTCTBHIO rpaHHIji 3epeH MOHOKCPHCTaJUJIbI o611a~alOT
PAA~Om npe~myii~ecTB 110 cpBHeHHIO C TpaAHU.HOH-

HbIMH TyroHJiiBI(HMH meTaimaJMHc C OflHIpHCTaJIJH-

4eCKOH CTpyKTYPOH.
TeXHoniorHlmeCKHe B03MO2*CHOCTH HIM ".Tlyq"

nO3BOJIAIOT BbipaIIAHBaTb MOHOKPHCTaAJ1Jbl B BH~e
npyTKOB, Tpy6, JiiaCTHH, JIHCTOB, 4)OJlbrH H MHOro-
CJIOrHHbIX H3XAeJIHri. C03AaHa TeXHojiorHil 3JIeKTPOH-
Ho-niyqeBori CBapICH MOHOIKPHCTaJiJoB c COXpaHeHH-
eM MOHOKPHCTaJlbHOCTH.
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Pa3pa6oTaHHble B HrIO "YAyq" .caponpo4Hbie
M0HOKPHCTaRJIJHqeCKHe cri1aBbi moryT ycneilUHO
K0HKYPHP0BaTb no c0Hp0THBjieHM1o 1Ioji3yqeCTH nHH

t05 HJiiaBjieHHJI co B~ceMH KJ1accaMH nHonMKpMCTaJLUIH-

lieCKHX ma~ep~aiIOB, a KOmniieKC TeXHoJIorHt[eCKHX
1IpI4mOB nIO3BOJIMeT H3roTaBJIHBaTb MOHoKpHCTaJI-

nwiqecK~e H3EAeAM1I pa3Hoo6pa3HoR rem~~qCO
4ýopmbi, pa~mepoB C 3a1~aHHOf4 TO'IHOCTbIO o6pa6oT-
KM noBepXHOCTH - 3jieKTPO~bI TepmoMONHCCMOHHbIX
npeo6pa3oBaTeniert 3HeprHH, iOIU~HbIX peHTreHoB-
CKHX Tpy6oK, .AeTaAMH BbICOKOTemnepaTypHbIX YCTa-

HOBOK pa3JIMHqorO THna.

HIOPOIIIKOBbIE TYrOH.IJIABKHE
MATEPHAJILI JAJIS BbI1COKO-

TEMIIEPATYPHOfl TEXHHKH

14O.EplnoBa, IO.B.MaHerHH

14HCTHTYT rnopoLKoBOr4 meTaJimyrHH IFHUj P(
UIHHH'-lepmeT HMM..11.BapXU4Ha, MOCKBa

Pa3pa6oTaHbx A~np~ypqe~i Mo, Mo-
W, W CHJIiBbi 1H nceBJocnJiaBbi fljiJ pa6oqrnX Temrie-
pa~yp (2000-3000)'C. aLe(ýOPMHPOBaHHbie noniy4)a6-
PHKaTbI H3 CfliiaBOB o6ecneql4BaloT npolIHoCTb

(TB = (650-1000) MIla, ruiaCTHtIHoCTb A~O 8 = 25%

InPH 200C, UrB =(40-110) Mila nHM 1800'C. Cue-

'IeHHbIe noniya6piMKaTbl 143 nCeB.ROcnflaBOB HOBbI-
iIueHHorH 3pO3HOHHOr4 CTOAKOCT14H mMeOT mexaHi~qe-

CKMe CBor4CTBa Ha YPOBHC CT B = (392-450) Mila, 8

Ž.,2%/ npH 200C, (TB = (22-70) Mfla 11pM 1800'C.
BbICoKOnpO4Hbie H3HoCOCTORKtie Mo-MeO KepmeTbI

C(HB = 3000 Mfla, (3B = 1200 Mfla) oTJiHqaIOTCA

XHMM~qeCKOf4 HHePTHOCTbIO K Fe H4 Ni pacnjiaBaM.
HemarHM4THbie "TSI)iceJlbIe CJIiaBbI" CHCTembi W - MeO
nJIOTHOCTbIO (15-16) r/CM3 C HM3KCHm TKJIP - (3,3-4,0)
X 10-6 K-' xaacel4YO~ BbICOKOA TBepZaoCTb1O

HB =2800 Mfla H HpO4HOCTbIiO (T B = 1200 MrIa.
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PA3PAEGOTKA BbICOKOTEMHTEPATYPH]6IX
(1800-1900-C) MOJH16AiEHOBbIX

HAFPEBATEJIEfi C 3AllU4THbIMH
HIOKPbITHSMI4

IO.A.BacaHOB, F.M.BOPOHHH*, A.W.EpemHHa**,
B.B.KOHOKOTHH "*"",

A.B.Ky3He1uoB***, E.B. CHBaKOBa*

FHIU P$D UeHTpaJmbHblr4 A3porHAwoA14HamwieCKH9
HKHCTHTYT' "IAr

XKYOBCKHA, MOCKOBCKOrH o611.
*FHU.P(D BcepoCCHiiCKHui Hay4Ho-

HccJie~oBaTeJlbCKHH HHCTHTYT
aBHa1uHOHHbIX MaTepajIMOB "BH4AM', MOCKBa

**HflO "MOJIHrnI", MOCKBa
***Focy.LapCTBeHHbIii HayqHo-HccJieXAoBaTen~bCKHH

IHHCTHTYT 'TFpa4H1T", MOCKBa

C yqeTOM COBpemeHHOFO COCTOM1HHiABbCKe

riICpTypHbIX HarpeeaTeiieg, ripejgno)eHo HaripaBYIe-
HHe pa6oT WLLIA nOBbIU1eHHS 3aLLuHTHbIX CBOrHCTB HiO-

K(PbITHri HarpeBaTeJieri H3 cHJiiaBOB Ha OCHOBe MO-
JIH6XaeHa.

Ha rip~mepe UHK<JIUqecKHx HCni~hTaHHrH BbICOXO-

TemIIepaTypHbIX (AO 1 600'C) 3JiimeHTOB KOHCTp)YK-

LjHA OK "BypaH" noxa3aHa 344eX(THBHOCTb rnpHme-

HeHHSI TaKHX HarpeBaTealell.

JAaH o IHcaHHe 3KcnepHmeHTajibHOil TenJIoBaxy-
YMHOA YCTaHOBI(H nepemeHHoro XgaBjieHHA B03IAyXa
(10-3 + 760 MM.pT.CT.) H BnepBbie C03,aaHHorO 1(pyn-
Hora6apHTHOrO mojiiH6)aeHoBOrO Harpeea~esIA (B

niia~e 900 x 900 mm) Tpy6qaToro THfla C npOT14BO-

OKHCJIHTeJlbHbIM 3aiUjHTHbIM nOKpbITHem.

OTMeqeHbI BO3MOXfCHbie o6niaCTH X131~ BHeapeHHBA
TaKHX Harpeea~eiier B rpaxQAaHCKYIO npOMblwJIeH-

HOCTbIO.
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CUJIABbI6 HA 0OCHOBE MOJIHBI&,EHA EGE3
HOKPM6THfl H C HEOKPhI6THqMH,
HlPHMEHEHH4E HX B HAPOJHOM

XO3.qflCTBE H4 HEPCHIEITHB]6I PA3BH4TI4.

F.M.BOpOHHH, E.B.CHBaKoBa

rHLI P(D BcepoccmiiCKHri Hay'4H0-
HccjneJOBaTeJlbCKHrH HHCTHTYT

aBHaI14HHHbIX maTepHa21OB TBHAMW, MOCKBa

HaqliHaA C 1950 rotga, B BH4AMe npOBO~lHTCSI
pa3pa6OTKa TexHojiorHH nojiylieHHI43 mojiH6lWeHa H

CHJIaBOB Ha ei-o OCHOBe. Co3,jaHbI cniiaBbi: BM-1,
BM-1A, BM-2, BM-3, BM-3fl, BM-4, BM-5, BM-6
H )Ap. B COOTBeTCTBHIH C Tpe6oBaHH4RMH, riiaBHbIM

o6pa3oM,, aBHaLUHOHHOii H paKeTHOA TeXHHKH1 Hipy
rHix oTpacnief npombiwI.UeHHOCTH4. Orpa6oTaHbl TeX-

HOJiOrl~qelcxHe npoueccbi H3FOTOBjieHNA cniiJaBOB:
BbirIJiaBlxa, ae4opmaUHA1, mexaH~qecxasi o6pa6o'rKa,
CBapKa H4 nariiia, TepMHqeCKaSI o6pa6oTxa H rIp. Co3-
XAaHbi UOKPbITHA pa3jIHqHOrO Ha3Ha'leHHA, B TOM
q~ii~je H MHOrO4JyHKAiHOHajibHbie (>25) H1 TeXHOJIO-
riHH HX HaHeceHHS1, o6ecneqHBaiotuHe pa6oTOCnO-
co6HocTbaXeTaJieri B H3flejuisix npl4 Temnepa~ypaxaXo

2000'C Hi BbIUIe B OIICHC3HTeJlbHbIX H4 Jpyrmx cpejiax.
BhrnyumeHa TeXHH'lecxaI aIoKymeHTauHA: nacriopT

(Ha duniaBbi), HIHCTPYKIAH4 H4 peKOmeH~auHH Ha Tex-
Hojiori4lqcxHe HpoLueccbi no cHYiiBam H 3aLUAHTHbIM

nOKPbITHAM.
CJiiaBbl moj1H6ZaeHa c nOKpbITHi~lMH HawiLiJ HIH-

po~oe npm~He B paKeTHOA TeXHHKe - Ha JIeTa-
jiMx a~OlHM~eKF ynpaBjieHHA H4A. B KOC-
MHqeCKOrH - B 143JaejisiAX "BOP" H xAp.; B Ka4eCTBe Kpe-
He)Ka, BCTaBOK KPH4THLIeCKoro ceqeHHA, H3MepHITejib-
Hbix npit6opax H4 HarpeBaTeJlbHbIX YCTpOr4CTBax Hi

Ap.
flpHmeuieHie mojiH6JIeHa H4 cnLJ1BOB B nOCJ1~JIH14

5-7 JieT 3HaqHTejibHO coicpaTH4JIOcb, HO nepcneKT14BbI
o6Ha~eKHi~aioiuHe.
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HIPHHUHHM]6 C03)AAHHA CrUIABOB HA OC-
HOBE BOJITA(PAMA

K.B5.floBapoBa

14HCTIHTYT meaiip~ HM. A.A.bafilxoBa PAH,
MOCicBa

CO3XaaHHe cdiiaBoB B0Jnb~ama 6a3H~pyeTCAl Ha

KOHuerIuKH, onpeX~eni~emor: COCTaB-CTpyKTypa-
CBOIICTBO. Oco6eHHOCTH4 BOJIbpama - camasI RhICO-
KaA Temneparypa HJiiBjieHHA H CKJIOHHOCTb KC XOJIOA-
HOJION4KOCTH, orpaHH'1HBaIOT DbI6op nerppyomm~
3J1emeHTOB m #~3 TeMH, KOTOpbie He CJIHHIIKOM CHJlb-
HO CHHICaIOT Temnepa~ypy Tii~aBJIeHHSI, He CHJIbHO
noBblunaloT CICOPOCTb pa3BHTI4SI )jU441y3HOHHbIX

npoiuecc6B, a Taiowe 3JIimeHTbI H ýIa3bi, ynlpO'HeHl~e
KOTO~bIMH He Bbl3bIBaeT IxaTacTpo4~HieCKoro CHH-
)KeHHSI nIiaCTH'IHOCTH.

B16ICOKO~qHCTM6E MOHOKPHCTAJIJIMl
BOJIIADPAMA 14 MO.JIH]6JIEHA

r.C.BypxaHOB

14HCT14TYT meaLipH HM.A.A.BaI4XOBa PAH,
MOCKBa

B HiCTOPHH pa3BHTHhI HayKm '4eTKo npociie)cHBa-
eTCA CTpemjieHHe xC fOBbIU1eHHIO CTeneHH MHCTOTbI
I1pHmeHxembIX BeLigecTB. B pe3yflbTaTe MHorojieTHerH
pa6oTbl HccJieX~oBaTeniier BO MHortix c~pa~ax mH~pa
c4~opmHpoBaJiacb NOMAS Hayq~asi amCumnimHHa - xH4-

MHA BbICOKOqHCTbIX BeLueCTB, COCTaBHOil 'aCTbIO
KOTOPOHi 1IBjiReTc nojiytieHHe, alaJI143 Hi H3yqeCHHC
CBOr4CTB meTaJiJOB C HH3KHM coJ1epwaffHHm npHmecert
H KpH4CTaJU~iorpa4III4cCIHx XeceKTOB.

MeTBimbi pa3JIHHbIX rpyiin HmeIOT CBOH OCO-
6eHHOCTH', KOTOpbie oica3bIBalOT pewaioumee BJIHSIHHe

Ha MeTOJAbI nionyqeHsiA, rniy6OKor4 O4HcTKH, allaJiHa,
BbipaIIgHBaHHA MOHOICpHCTaJiL~OB. B HaCTO~IUem AOIC-
iiajge 3TH Bonpocbi pacc~aT]pH~aiOTCs rnpHmeHHTenlb-

HO XC MOHOKPHCTaJiJIM BOJ~b4)ama H mojii46AeHa:
o6cyx(AalOTCsI meTO~bI pa3AejieHHA H rjiy6OIKOfi O'IH-

CTKH, I1ojiyMiHHR MOHOKPHCTaRJIIOB H3 )KHAKIOri ca3bl,
4IOpMHPoBaHHS1 MOHOI(PHCTajiji~lecKofi CTPYI(Typbl B3
o6,beme TBep~orl 4ýmbI.
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3iiaqHTeJnbHoe BHHmaHHe yJaejieHO 30HHOMY pa-
4JHHHPOBMHHIO H np~mHMeHmHo HJii3MeHHOrO Harpe-
Ba fpl4 BbipaUAHBaHHH MOHOKPHCTajUijOB BojibcIpama
H mojH6,aeHa.

HlpHBOA~qTCA Hptimepbi npimeHeHHSI BbICOKO4HC-

TbIX MOHOKPHCTaJIJIOB BOIIbpama H moniH6,aeHa B

Ha~ H TeXHHKe.

PEHHEB16EE ICATA.JIH3ATOP]6I B IIPOUJECCAX
PH'IDoPMHI4HrA, METATE3HCA H

HIEPCHIEKTH4BM6 HX 14CHOJI163OBAHHS

M.A.Piu~eH1~eBa

14HCTHTYT opraHH4qeCc~or XHM14H HM.

H.Ia.3enIHHcixoro PAH, MOCI(Ba

344eK(THBHbie Pt, Re/A1203 KcaTJiiH3aTOpbI PH-

4OpMHffra COCTaB3JIAIOT 6oniee 30% OT o61uero KoflH-
MeCTBa KaTaJIH3aTopoB, flpMHmeH~mbIX B mHpe B
npoilecce n~epepa6oTKH He4ýTer. flpoIxeccom MeTaTe-
3Hca noniyqaiOT ileHHbie HenpeaeflbHbie, ýYHRLIHO-

HaJlbHbie ajllCeHbI H TPYJAHOJAOCTYfIHbie Henpe~eflb-
Hbie opraHwqecK~e coeaUHeHOHl. flpHmeHeHHe Re-
colep)KaLLUX KaTaJIH3aTOPOB nlO3BOJIMeT npOBORHTb

meTaTe3HC HJIH COBmeCTHbIII meTaTe3HC B 6oniee M~r-

KHX YCJIOBHSIX, '1eM Ha XgpyrHX xaTaJIHTHqeCKHX CHC-
TeMax. PeHHeBbie iKaTaJiH3aTOpbI npOABJIAIOT 6oniee
BbICOKyio aKTHBHOCTb, qem H3BeCTHbie npombiuljieH-
Hbie oxcCHIHbie KaTaMIH3aTopbI, B peaxUHSAX rHXApHpO-

BaHHA KHCnIOPoX~coIepBicaHAHX COeAHHeHHA: Kap6o-
HOBbIX KHCJIOT, ajib~ermAIoB, 34ýHPOB CHHTeTH'IecKHx

WIHPHbIX KHCJIOT H XAp. nIpQIIKTOB OCHOBHoro opra-
HHT4ecKoro CHHTe3a. rH)apHa peHlieeHa, HeHTaKap-

60HHJI peHHA, OKCH)ThI peHHSI H renTacyj14NJa PeHHA

ABJIAIOTCA 3434eKTHBHbIMH KaaI~aoai rHapH4-

P0BaHHR1 pAA~a opaHiCH COeU4HHeHHrH H KoHa1eH-
CHPOBaHHbix N-coaepxKauHx apomaTH4qeCKHX MOJIe-
xyn-HnpoAIyKTOB TOHKOFO XHmH4ecKoro CHHTe3a. B
flaTeHTax nOCflCXAHHX JieT y1~ejDieTCsl BHHmaHHe cme-
lu1HHbIm Re-coz~epicauiIHm KaaI~ao Ha pa.3-

JIHgHbIX HOCHTeJISIX B rHPPOaH pa3Hoo6pa3-

HbIX opraHHqecKHx coe)AHHeHHHr H yCOBepwJeHCTBO-

BaHHIO H3BCCTHbIX xaTa111H3aTOPOB pH(IOPMHHra.
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COBEPIIIEHCTBOBAHHE TEXHOJIOFHm m4
HIEPCIIEICTHBbI PA3BITHA rHPOH3BOJACT-

BA 113AFJIHflr H3 TY[OHJJIABKHX
METAJIJIOB

I4..Po6epoB, fl.A.Kopqar14H

MOCICOBCKHii 3aBOfl TyronJaB1(HiX MeTa.TIJIoB ti

TBepabix cHJiiBOB

rlpetACTaBJIeH allaJiH COCT05IH14A flpO13BOACTBa

ae4ýOPMHpoBaHH1bIX noniy4)a6pllKaToB Hi H3,aejiH14
LUrpoxoro COPTameHTa (npyTmH1, HpoBoJIoKa, nonio-
cbi, 4bojlbra, Tpy6bI 14 p.) M43 moj1116,aeHa, Bojib4)a.
Ma, H1406H4S Ha flpHMepe OnbiTHoro 3aBoJa Tyro-

nJ1aBKHX MeTaJU1IOB H4 TBepgbix cnJ1aB0B (r.MOCKBa).
Hoica3aHbl B03M0)KHOCT14 C0BepLUeHCTB0BaHHSii

TeXHojioriiqecKHx flpOL~eCCOB n1p0MbIWJIeHHoro npo-
143B0X~cTBa rIP0AXUYLHH H43 Tyroni1aBxHx MeTRJUIOB B
COBpeMeHHbIX YCJIOBHIIX. CýOPMYJIHpoBaHbl TeXHH4-
4eCKHe Tpe6oBaHHA KC napame~pam JKameCTBa Hcxoa-
Horo CblpbMl H rOTOBori rlp0AYKLIH14. Onpe~ejieHbl
OCHOBHbie HaflpaB3ieHHI1 H4 flepcneTHBb1 pa3BHTH14S

flpOH3BOXACTBa MH3juflH palHM4HorO Ha3HaxieHHRS H3
Mon146AeHa, BoJib4IaMa, 11146141.

TEXHOJIOrlIS HO 1IPOH3BOLRCTBY IIPO-
LAYIWEI C HIEICOJIh630BAHHEM

MIETAJIJIH'IECKO]FO PEHUIL

A.A.CeMHiH, C.B.CTeInaHOB, E.A.IO~iwH,
B.C.m1HJK4nHH

OAO "OnbI1THblri XHMHKO-meTajiniyprHiqeCKHii 3aBoA
IFHpejameTa", H-OJAOJ~hCK, MOCKOBCKOiA o6ji.

HIOpcunK peHHA1 mapK14 Re 0 H Re 1 co6cTBeHHO-
ro flpO13Bo~cTBa no TY 48-19-92-80 3aBOJL 14CfOJlb-
3yeT Ajl1 nojny~eHH11:

- cHemeHHb1X B BaKyyMe 3arOT0BOK peHHAs;

- npyThoB peHH1 JAHaMeTpom OT 10 jao 15 mm,
AJIMHHOHi He me~ee 200 mm;

- peHHeBoii 4ýojibr TY 48-0533-062-91, uIHpHHa
H31C3AelH1 40 MM, TOJIUAHHa 30-40 /1 K, AR]HHa JAo

60 mm;

- CJI14TKOB cniia~a mojlH6JaeHa c peHtHem TY 48-4-
197-83 H4 Bojib(1)paMa c peH14eM TV 48-4-285-83.
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PLJIJ I1p0H3B0JACTBa IIpOBOJIOKI HcflOflb3ylOTCAl
3ar0T0BKH ,LiHameTpom OT 10 g~o 20 MM, AJIHHOA4 He
mei-ee 250 mm, nojlyi.eHHbIx 6eCT14ren~bH~i 3OHHOfH

JIiaBKoR.

,LaJIA I1OH3B0XACTBa niiocxoro npo~a~a ticnojih-

3YIOTCS1 CJIHTKH gHameTpom OT 50 jgo 100 mm m XUIH-
H09 He me~ee 100 mm.

Co~epxKaHHe peHHni no Tpe6oBaHHI4I 3aKa3qHKa

COCTaBJIReT ANAM cnIIIB0B BOJIbpama c peHilem OT

0,1% xgo 25%, anAl cnIiaBOB mojiH6XgeHa c peHiHem CT
0, 1% jgo 47%.

PA3PAIOTICA H BHF-APEH14E CKB03HOf4
TEXHOJIOVHIH HIPOI3BOACTBA BOJITA(PA-
MOBO~ft HPOBOJIOKH H3 IIIEEJIHTOBOTO

KOHJ" HTPATA (B TOM 'qHCJIE C03AAHHE
HOBOFO HIOKO.JIEHH51 Bojio'IH.jiiHoro

OROPYAOBAHHS1)

:9.A.HlHpmaTOB, B.B.FOHtqapOBa, B.B.XariaapoB

Y36excxmi icom6HHaT TyroniiDBKHiX 14 )KapornpolHblX

MeTajijiOB, 'Hp4HiK

Pa3pa6omxa H BHCX42eHme HOBbIX TeXHOJIOrHri B
rmxpomeTa~ulyprH'1ecmom npOH3BOACTBe npH nepe-
pa6oTKe Lue~iiHTOBbIX BOJIb~pamOBbIX KoHl~eHTpa-
TOB flO3B0JIHjia flOfly4HTb napaBoJnb4pamaT aMMO-
H1Hl (IIBA, APT) c coaep)Kaiiem npHmecer uHe 6oniee
0,05% BecoBbIX. TaKaA1 XHmHqeCKaA qHICTOTa ABJI~eT-
CA HcxoXgHoA Xim R aJlbHefiwero npOH3BOlACTBa H43
[IBA 3arOTOBO1( JýJI BOJIM~pamOoBH flpOBOJIOKH.

061uenpH3HaHHor4 TeXHoJiorHeH flpoH3BOJACTBa
[IRA J1RJI BoJIIbpamOoiHr nOBOJIOKH S1BjiReTC5I Tex-
HO3IOrHX nepepa6oTKH Bojib4pamHTOBbIX KCoHLeH-
TpaTOB c flo3iy'eHHem nepeo'1HiueHHoH4 BoJIb4)amo-
BOH KHCJIOTbl H flaJIbHeHwuIM Bbi~xej1eHHem [IBA.

[IoniyqeHiie co6CTmeHHOri 3arOTOBKcH n03BOJIHJIO

flpOBeCTH HI4P no pa3pa6oTice HOBOri, flpHmeHH-
TeJ~bHO K YCJIOBHS1M Y3KT)KM, TexHO3IOrHH rnpOH3-
BoJ~cTBa HpOBOJIOKH, BKJUIO4aA H TOHxiaHwnyio
(BnJomb go 14 MKM). Ha OCHOBe 3TOH TeXHOJIOrHH

6biniH pa3pa6oTanbl KoHuenillHA H TeXHHqeCKoe 3a-
AafHli Ha pa3pa6oTKY H 143FOTOB3ieHHe HOBoro HOKOI-
JieHHSI BOJIOMHIIbHoro o6opyiAoBaHHA C UIHPOKHM
CrieKTPOM B03MO)KHOCTerH no peryJIHpoBxe Jgpo6HO-

CTH TepMoHJiiaCTH'4eCXHX ge4ýopmaLuHi H oTX(HroB.
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Pa3pa6oTaHHoe 11 l3FOTOBjieHHoe HemeuKoi q)HPMOrl
"SKET" (r.KeMHrn.I) 3T0 o6opyArOeaHHe fIO3BOJIHJIO,
He OCTaHaBJIHBaA OCHOBHoro npoH3BoRCTBa, npoBec-
TH B 1997 fOA~y TeXHwiecxoe nepeBoopy)KeHj~e.

HOB16IE TEXHOJIOUHH HOJIY'qEHHq
HIEPCHIEKTIIBH]bIX TYFIOHJABKHX

KOMHO31HURf HA OCHOBE BOJI]6(DPAMA

A.4.fly3pA]noB, H .K.H~poKoneHKO, H.fl.COKOJIOB

]FocytaapCTBeHHaA aKarqemHA c~epbi 6bITa H ycnIyr,

MOCKBa

HoBaAi TeXHOJIOrHSI HaHeceHH$I HOKpbITHfH BbICO-
KomO Ka,4ecTBa H3 meTaJIJOB H HX KOMIIO3HUjHr npexA-
CTaBjiCHA ra3oTepmH'ieCKHM meToaoM. CYUAHOCTb
meToJaa 3aKJUioqaeTCS! B HcIIOJlb3OBaHHH TenjiOBOA
3HCepI4H BbICOKOCKOPOCTHoro noToKa HOHM3HpO-
BaHHOrO ra3a, nojiytiaemOrO B Iijia3meHHOM reHepa-
Tope.

Hcnonlb3oBaHHe pa3pa6oTaHHOFO meToXaa nlO3BO-
JIsleT IIojiytiaTb nOK~bITHAI TOJILUHHOA 0,1-10 MM C
HpOqHOCTbIO ciuenaeHHA 20-50 Mna. rIpoH3BOAH~-
TejibHOCTh ycTaIHoBKH, KOTOpaA peJH3~~ B CTa-

LUHoHapHoM, nepeABH)KHOM H fIepeHOCHOM BapHaH-
Tax - 5-7 Kr/ti.

PaccmorpeHbl B03MO)ICHOCTH HOBOA TeXHojiorHH
flXIS IIjnyq.eHHSI nepcneKTHBHbIX TyroHJiiBKHX KOM-
n03HUIHr Ha OCHOBe BOJIbpama.

OHIPELAEJLHHE PEHH51 B CHJIABAX
MEET090~M 3JIEKTPOHHOFO

HIAPAMArUHrTHOrO PE30HAHCA

JI.B.BopIICOBa, IO.H.jay6poB

14HCTHTYT reoxHmHI4 H aHBaJIHTHtieCKor xHiMH

Him.B.H. BepHagrCKoro PAH, MOCKBa

CoeJWHeHHSI peHHA (VI) xapaKrepH~yiOTCsi cne-
LkmqHqHcCKHmH cneicTpamH 3rIP, qTo IIO3BOJIHJIO
pa3pa6oTaTb Ha HX OCHOBC BbICOKoH36HpaTeJIiHbie
MeTObl~b KOJIH,4ecTBeHHOrO onpe~leiieHHA peHHA. On-
pe~lejieHbl OflTHMaJIbHbie YCJIOBHSI o6pa3oBanHHA
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I(omnliiKC0B peHHS1 (VI): OKC0XfI~lORH~HF0(I
ReOCls, oKco6pomiixqHoro (2) - ReOBr4 H TPHOJRH-

TH0jiaTH0r0 (3) - Re (TJAT) 3. HarlgeHbi napame~pbi
Hix CrIKTPOB 3flP: DVI31 (I)- gii - 2,011, gi =1,96,

Aii/CM-' - 0,939, Al/cM-' = 0,9 15; Anis (2) - gi2,173,
=i 1,770, All/CM- 1 = 1,014, Al/CM- = 0,876; amrn (3) -

gi 2,044, g2 = 2,016, g3 1,999. 3aBHiCHMOCTb HH-
TeHCHBH0CTH CHrHaji0B 3flP OT K0HUeHTpaUH14 pe-
HHSI npSImoIIponopUOHaJlbHa B HHTepBBJIe (0,5 -

5).10-3M Xr~q (1) H (2) 1H (0,1 - 10,0) . 10-4 M Ajjjis (3).
MeTOxabl xapaKTepH3yIOTCS1 BbICOICOr H36HpaTenibHo-
CTbIO H 6blnH H~CInOb3oBaHbI xi]2 onpex~eiieHHA peHH5I
B cnnia~ax Mo - Re, W - Re, Re - W, Nb-Zr.

METO)IbI "MSW-KOfl" X14MHH B
TEXHOJIOrFHH H[OJIY4EHHA~ MATEPHAJIOB

HA OCHOBE PEHH5I, MOJIHBIGWHA H
BOJE6ADPAMA

A~.B.)jpo6oT, F.A.CeiiCeH6aeBa, B.]F.KeCCJiep*

MOCKOBCKaSI royaCTe~ a~aajiemrn TOHKOA
xHmHqeCKOri TeXHoIiorHH Hm.M.B.JIoMoHoCoBa
*MOCKOBCKH9~ rocyX~apCTeHHblr4 YHHBePCHTeT

Hm.M.B.JIoMoHoCoBa

Pa6oTa flOCBM1I.eHa pa3pa6oTKe meTOAOB

"M~rKorF XHMHH ("soft chemistry") - rHApoflHTHlie-
CKOMY HJIH TeMEeK~ pa~flo)KHHIO 1(omnJieKC-
HbIx coegU4Hefflir Re, Mo, W c opa~eCH1 JIH-
raH)~amH B TexHojiorHH ynpaBJIisemoro CHHTe3a HH-
JAHBHA~aJlbHb1X OKCHIAOB H HX TBepJ4blX paCTBOpOB, a
TaKwe rnoiiyqeHH31 Ha~ame~I flOPOIKOB HHAH-

BHJA~aJlbHbIX meTaJIJOB H Hx CniJiaBOB FlPH HH3KHX

(450'C) TeMnepaTypax.
Aim nosi HOIe~HHS OKCOmeTHJiiTOB Re4O2(OMe)16,

ReMoO2(OMe)7, Rei-xWx02(OMe)l6 H
RexMoyO2(OMe)7 MCHOJlb3oBaH 3JIeKTPOXHMHtqeCICHr

me Fa 1X TepmHteC1Coe pa33io2KCHHi Ha B03Ayxe

-Beae~T K I1ojiy~eHHIO TPHOKCHXAOB MOJIH6AeHa H pe-
HHIM TaKwe YCTaHoBj1eH]61 yCJIOBHA Tem~eKr

pa3JIO)KeHH31 coeXIHeHHii Re4O2(OMe)16,

Re2O5(acca)2, Re2O7-2 THF Hi KomIiieiKCa Re2O7 C

C2H5OH. HoKa3aHo, 'ITO HeCMOTPA Ha KOMnIIeIKCHoe
cTpoeHHe HCXOZIHbIX oKComeTHjiaToB, 14X BOCCTaHoB-
JIeHHe BOAlOPO1AOM n03BOJI~eT flOJI~'IHTb HaHopa3-
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mepHbie (pa3mep '4aCTHU 0,01-0,05 4im) nopowxuIH
meTaJInIH'ecKoro peHHA H4 ero cflJaBOB.

BO3MO)KHOCTH BbICOKO-
TEM1TIEPATYPHOFO rFAJ11BAHO-

HIMACTWIECKOFO METOJAA
H3rOTOBJIEIIIIS H3TXFJIHfl3 PEHH$1 H

MOJ1HEB)EHA

O.H.BrniorpaxaoB-)Ka6poB, A.M.MojiqaHOB3,
JI.M.MHHqeHKO, M.(D.BOJIKCOB, F.A.flaHOB,

B.A.Me~cyeB, iF.r.HOTOCKaeB, B.H4.KaniaHrblpb,
B.C.KypCK(OB

14HCTHTYT BbICOKOTemflepaTypHOA iieIxTpoxHmiHH
I IYpO PAH, ExaTepI4H6ypr

OAO "MawHHOCTPOHTejibHbIr4 3aBoA",
3nieK-pocTanib, MocicoecKan o6n1.

Pa3pa6oTaHbl crioco6bl H OCHOBbI TeXHoJ1orHI
flojiyL1Hl4A H3,aeJu~ri (B TOM 4HCJIe CJIOACHbIX 4ýOpM)

3JiieTpojiH30M cojieBbix pacniiaBOB. rHorryqeHbi H
HcflbITaHbI B pMXIe opraHH43auHrl peH~enbie 4)ojibri
(TonIUAHHoii 5-100 Mxm), IIpoBojioKa (AiHame-pom
100-200 MKM), OCHacTxa ARAJI BbipamIHBaHHql ipO-

4)HJubHbIX MOHOIKpHCTaJiL~OB, peHHeBble H mojiH6Jae-
HOBbIe Tpy6bl, THrJIH (AzHameTpom go 150 MM H TOJI-

WJHHOA CTeHOIC Ao 6 MM), flpIMO~rOJbHbie KIOBeTbl
(150 x IOOx5O mm).

[Ioica3aHo, 'ITO 611aro~aPAi 3aX~aHHbIM H KCOHTpO-
JIHpyeMbim riapame~pam oca)I(LeHHbIX cjioeB, CPOI(

cniy)6bI H3JAejiHr 3Ha'IHTeJiiHO yBejiH4HBaeTCA flpH

coxpaHeHHH flCpBOHa4tiajhHOr 4)opMbI, H HmeeTCA
BO3MO)KHOCTh maKcHMaJlbHO peaJTH3oBaTb IIojio)KH-
TeJlhHbIC 3xcIUIyaTaUHOHHbie KatiecTBa.

YCTaHOBjieHO, WIO 3JiiKTPOXHMH'IecxHe cnoco6b6i

II03BOJIAIIOT flojiy'IaTb H3LXCJIHJI BbICOCOA xiHMHqecxofH
'IHCTOTbI flPH HCI1OJlb3oBaHHH OTHOCHTejiIHO 3arPsl3-

HeHHbIX HCXOIAHbIX MeTaJIJIOB.
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TEXHOJIOFWIECKHE ACHEKTbl
HOJIY'qEHHM UJIEHOK, CHIJIABOB,

COEAHHEHHfl H METAJLJIOB UPYHllbI
BOJIIADPAM, PEHHfl H MOJIH416EH XL~I$

MHKP03JIEKTPOHHICH

H.IO.IOC~rIOB

BcepOCCHriCK14i HayqiHo-HccJieAOBaTeJlbCKHN IlpO-

eKTHO-H3biCKaTeJlbCICHR HHCTI4TYT HpOMbIlUjieHHOr4

TCXHOJIOrHH, MOCKBa

PaccmOTpeHbl meToabi nojiy'IeHHSI HJIeHOK

Bojilbama, peHHAI H MoJ1H6JReHa, HX cHJ1iaBOB H CO-

eXaHHeHHH AURX ileiierH mHKpoqJIeKTpOHHKII. Oco6oe
BHHmaHHe yx~eiieHO TeXHojiorm~ieCKHm acneRc~am
IIojiyqeHHA niU1HOK C KOHTpojiHpyembimH nepePmeH-

HbIMH COCTaBOM H CBOrHCT~amH Ha njioiu.ajH nog-
JIO)KKH 3a c'IeT JIOKaJ~bHOrO B03JgeriCTBHsl H3iIy'IeHHSI
BbICOK03HepreTH4jecKHx laCTHLI XHm'4qeCKHX 3niemeH-
TOB HJIH4 4)OTOHOB.

HAHECEHHE HOKPb6ITHII H43
ILJATHHOB16X M[ETAJUTOB HA

TYFOHJIABKMIE M[ETAAJIJI C HOMO1ILMO
JIETYqU4X 'F)TOPHJOB

3.1F.PaKoB, M.H.HHXCHTHH

POCCHiiCKHii XHMHIKo-TeXHoJTorHqeCKHHr YHlBepCH4TeT
Hm4I.14.MeHxgeJiee~a, MOCKBa

CyU~eCTBYIOHAHe meTOJ~bI MOJAH4HKaLUHH rnoBepx-
HOCTH peAucHX TyroniiaBKHX meTaJIIIOB nyTeM HaHe-
CeHH5I Ha Hee HOKPbITHA H HJiiHOK H3 nJTaTHHOBbIX
meTa1JMOB He Bcerr~a HpHmeHHMbI.

K qHCJIy maj1oHccJie~zo~aHHbIX nyTeri peuweHHsI

3aXga'H OTHOCHTCSI HcnoJlb3oBaHHe o6meHHbIX peaKc-
LIHA c yqaCT~em JiiTyqHX COCXAHHeHHH liJaTHdHOBbIX

meT2.JMJOB

nM(k) + mPnXn(r) -4 mPn(k) + flMXm(r),

r)ge: M - HOl~pbIBaemb~iA NeTaJiii, Pn - JiiaTHHO-
Bbiri meTaxiI, X - iiHraHAi.

Ceji~eaH Bb16op HiCXOa~bIX TepMalU4HaHMH4cKHx
napameTpoB. ARAISI KMCTajTUiH4ecCHx RuF3, RUF4,
ra3006pa3Hbix RuF5, RuF6, RU2Fio, Ru3F15 pexo-
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meHA~OBaHbl 3HTaJ~brHHH o6pa3oBaHHsI npi 0 K, co-
CTaBjisuowIHe COOTBeTCTBeHHO, -561,7; -750,8; -821,2;
-1673,9 H -2563,7 KýWMcmojib. PaccmHTaHbI TepMQLW-

H-aMHqeCKHe napam~e-fpb HHeeyilH peaKLAHA.

B HHTepBaJii Tem~nepa~yp OT KOMHaTHOA A~O

500'C H3yLmeHbi npoLgeCCbI B3aiimoIJerCTBHsI flOPOW-
xoo6pa3HbIX H4 KOmrnalTHbIX Bojib4PaNma 1H moj1H46Xe-
Ha c neHT#4TOPHLAOM pyTeHHsI. Onpex~enieii Ha-
'laJlbHbie Temnepa~ypbi pearHpoBaHHA, COCTaB iileTy-

qiHx H TBepJ~bix npO1AY1TOB B3aHimoX~e~cTBrnI. rloKa-

3aHo, 'ITO TaKHN4 fyTem yj~ae~cs oi OyIqaTb pyTeHHe-

BbIe floi(pbITHA Ha Boji~b4ame, B TO Bpm xaK Ha

mojiH6AeHe npoiuecc OCJIO)KH.ReTC51 o6pa3oBaHHeM
HH3WIHX (ýTOpH)OB.

HCCJIEJAOBAHHE H MO=WH4POBAHHE
B3AHMOJIElflCTBHIS 3JIEMEHTOB B
CJIOHCThI1X ROMII03HIU101IR16X

MATEPHAJIAX HA OCHOBE TYI'OHJIABKHIX
METAJIJIOB

E.M.CsniocapeHlCO

MocicoBcKuHi rocy~apCTBeHHbli 3/HHBepCH4TeT
HM.M.B.JIOMOHOCOBa, XHMH'IecxH1 (ýaKy3IbTeT

1HcCiiexOBaHbl npogeCCbi B3aH4MHOHr RI4("y3l4H B

CJIOI4CTbIX CHCTemaX Ha OCHOBe TyrOJIiaBKHX MeTaJI-

RIOB (Ti, V, Nb, Ta, Cr, Mo). Pa3pa6OTaHbl OCHOBbI
KOJIHqeCTBeHHoI'o oIHcaHHS1 npoileCCOB B3aiHMHOI4

AJH44y3HHi H4 ollpeXgefHbI 6a3OBbie napame'rpbl Teo-
pHH - falAPHaJIbHbie 1co34~43HUHeHTbI nH4oy3HH KOM-
nOHeHTOB B CH4CTemax. Co3XgaHa BHipTyajibHaSI mo-
gejib fipoileCCOB B3atHMOAH("4y3HH 3niemeHTOB Ha
4)a3OBbix rpaHiluax CJIOI4CTbIX KomnO3HItHOHHbIX

maTepHaJ1OB H ocyu~eCTBJ1eHbl KOJIH'4ecTBeHHbie pac-
qeTbI B3aHmoXaeriCTBH31 xomnOHeHTOB B YCJIOB14AX

3xcriuiyaTaIAHH.
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HAHORPHCTAJTJ1H'qECROE TEPMWIqECKOE
YHIPO'HEHHE TBEP~LIX CILTIABOB BK C
MOAH(H4I~j1IPOBAHHEM HIOBEPXHOCT14

sic

A.H.'IexOBtii, B.M.BbI4IKOB *

1HH.KeHepHbIg LueHTP POCCH4rCKo0i HH)KeHepHoH aica-

XgemH TIlepexAOebie TeXHOJIOrHH'", MOCKBa
*P~TOKCHqC1r 3aBOA FocyXlapCTBeHHorO

KOCMHqeCKoI'O HaytlHo-npoI43BoRCTBeHHOro ueHTpa
imM. M.B.XPYHH4qeBa, MoCKa

14cflOiIb3ySI 344~eKTbI "yaapa TeHJom" t4 pa3pa-

6oTaHbi-be "HOY-xay" npli TepMoLUHKJII4qeCKor o6pa-
6oTice Ha CTaJaHm nPOH43BOrCTBa HHCTpymeHTa pa3-
JIHLIHOFO Ha3Ha4CHH31 c pa6oql4MH 3JiemeHTamii H3
OTe~ieCT~eHHb[X TBep~bIX CniiJBOB BK y)aBj1oCb
C43OpMHpoBaTb HaOP4~mxeKI CTPYKTYPY B
ico6axlbToBor4 CBq3Ke 14 HanOJ1HHTeJii C yHHI(BJlbHbIM

cotieTaHHem CB09CTB: TBepJaoCTb 89-9 1 HPA,UaH 3r
1600-1700, IUIOTHOCTb 14500-14900 Kr/M3, cnniaB
BK8.

HIoBblueHHaq 143HOCOCTOAKOCTb onpejqeinieTCs
moaH4)HuHpoBaHHem flOBepXHOCTH pa6oql4X KPOMOK
KBmmmaMp4ýHbIM nOKpblTiHem SiC.

HoBbie noJIe3Hbie 3JiemeHTbl cy6CrpyKTypbl 4HK-
CHPYIOTCR cneLuHaJbH~ii CTa6HniH3iHpoiou~er TepmH4-
'IeCKor o6pa6oTKori. CToiriKOCTb TBepJa0cHjiaBHb1X

pa6otwHX 3JIemeHTOB HHCTpymeHTa B YCJIOBHBX ygJap-
Ho-a6pa3HBHoro 143Hoca flOBbItuIHa B 1,5-2,5 pa~a B
cpaBHeHH14 c FOCT 3882-74.

1TLOJIYLIEHHE 110.111- H MOHO-
KPHCTAJIJIII1 ECKHX BOJ~bhDPAMOB]6X

H3aEJ1I~fl 3JIEIKTPOJIH30M
PACHJIA"JIEHHM6X CO.JIEfl

A.M.MojiqaHOB, H.O.ECIHHa, O.H.BH4Horpa)gOB-
)Ka6poB

14HCTHTYT BbICOIKOTemrnepaTypH09 iieKI~TPOXHMHH1

YpO PAH, EKarepH4H6ypr

Ha OCHOBaHH4H HccjieJgOBaHH! mexaHH43ma poc~a
HIOJIH- H MOHOKPHCTJiJiiHqeCK0r0 BoJlb~lama, noniy-

qeHHoro 3jieKTPOJIH30M pacrlilaBjieHl-IbX coJiem, pa3-
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pa6oTallbl Hay4Hbie OCHOBbI TeXHOJI~rlHH nojiy4CHHR
BOJIb4JaNmoBbIX H3XAeJIHrl pa3JIH4Hb[X (JOPM H OpHeH-
TaU4HH C BbICOKOH CTeneHbIO COBep1UeHCTBa CTpyl(TY-
PbI (Tpy6KH, THrJIl, aIO~lOqKH, 4jonbr).

YHmcajibHble CB0HCTBa M0H0KPHCTaJUIOB BOJlb4J-
paMa, TaKI4e KaK BbICOKaSI njiaCT14qHoCTb, HH3Koe

ra3oBbiDaejieHHe, CTORKOCTb K B03,aeifCTBHI4O flhla3MbI
H I~luelo'HbIX MeTaJIJIOB, X(eCTK0MY H3JIyjqeHmio, a
TaK)Ke pe3xaA alH3oTpoflHS pa6oTbl Bblxoaa~ 3ieK-

Tp)OHOB, xaenalOT ero riepcneKTHBI~bIM ARAlS Tepmo-
3MH4CCHOHHbix npeo6pa3OBaTenieri 3HeprHH, B qaxep-

H09! 3HpeT H paKeTHOR TeXHHI~e, B Ka4eCTBe
KOHTeriHepOB ARAI nOjiyLICHIS! oco6o 'IHCTbIX maTe-

pHaJIOB.

OHIPEVWJEHHE (DA30BM6X PABHOBECHfl B
CHCTEME Ni-V-Nb--Ta-Cr-Mo-W UlPH 1375 K

E.M.CJUiocapeHICO, 3.IO.KepH4MoB, M.BCOý6bIH,
A.E.TlaCTyxI4H

MOCKOBCKHi1 rocy~apCTBeHHbriH YHHBepCHTeT
Hm.M.B.JIoMOHOCOBa, XHMH'icCKHr 4ýaicyibTeT

flpe~ino)KeH cnoco6 lojilI3J4aLuI MHOroKO~nto-
HeHTHbIX Ridarpamm 4)a3OBb[X paBHoBeClil C flOMO-
iubio rpw4OB, r103BOIA101U~lri 4ýopmaMaJOBaTb H4 CHC-

TeMaTH3IPOBaTb alHarpammbi 4jla3OBb[X paBHoBecHH4,
a TaK we flpOFHO3HPOBaTb CTpoeH~e MHOrOKOMnO-
HeHTHbIX CHCTeM Ha OCHOBe 6oniee HpoCTbIX. Ocytue-
CTBjieHa I1ojiH3g3aLuHS CHCTeMbi Ni-V-Nb-Ta-Cr-Mo-
W. 3KcIepi~meHTajlbHbie Hcc~iieJOBaHsIA HOKa3ailI,

'ITO MHoro~a3HWI paBHOBcCHSI (c 'Iicjiom #F3 >5) B

CIICTeMe IIpH 1375 K He cyLueCTBYIOT. YCTaHoBnieHbI

Bce 4ýaOBbie paBHOBcCHSI (c 'IICJIOM #~3 4 Himl 5),
KOTOpbie cyme~CTBYIOT B CI4CTeMe Ni-V-Nb-Ta-Cr-
Mo-W nHI 1375 K.

58



59



DEAR LADIES AND GENTLEMEN,

I have the pleasure to welcome the participants of the
Conference "Rhenium, Molybdenum, Tungsten -
Prospects for Production and Industrial
Applications". This Conference is dedicated to
discussion of issues related to the extension of sources
for production of rhenium, molybdenum and
tungsten, processes for extraction of these metals into
commercial products (metals and compounds);
technologies for manufacture of structural materials
and alloys, as well as catalysts based on these metals
for chemical reactions; new fields and outlooks for
their application.
Gintsvetmet, one of the organizers of this
Conference, is the oldest research institute in the field
of nonferrous metallurgy. In 1998 the Gintsvetmet
Institute will celebrate its 80th anniversary. Processes
and technologies developed in the Institute are used
by most of non-ferrous ore processing plants,
smelters and metallurgical facilities throughout
Russia and other CIS countries. Over the recent years
special attention is given to technology for
production of priority and structural metals.
Another organizer of the Conference is Russian
Journal Of Nonferrous Metals "Tsvetnye Metally".
This Journal has been published for 70 years and is
well known both in Russia and abroad. Since over 20
years, it has been published in English language and
circulated by Alerton Press, USA. Researchers and
scientists of the Gintsvetmet Institute are working in
close cooperation with this Journal and are
publishing their papers in it on most recent
developments. Some of them are members of the
Journal's Editorial Board.
We would also like to express our sincerest gratitude
to the United States Air Force European Office of
Aerospace Research and Development and the
United States Office of Naval Research, Europe, for
their significant contribution to the success of this
Conference.
I would like to wish all participants fruitful and
successful work during this Conference. We hope that
it will provide a good opportunity to establish
relationships between researchers, representatives of
the industry and potential investors.

Andrey Tarasov
General Director of
State Research Center
"Gintsvetmet",
Academician of International and
Russian Engineering Academies,
Doctor of Technical Sciences
First Deputy Editor-in-Chief
of Russian Journal of
"Nonferrous Metals"
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SECTION I

RAW MATERIALS AND MINERAL
PROCESSING

DEVELOPMENT AND USE OF A SOLVENT
EXTRACTION PROCESS FOR RHENIUM
RECOVERY FROM URANIUM-BEARING

ORES OF NAVOI DEPOSITS

N.M. Meshcheryakov

All-Russian Scientific Research Institute of Chemical
Technology, Moscow

Development of hydrometallurgical methods for
processing uranium ores in the 1970-1980s resulted in
new technologies for integrated utilization of raw
materials.
Based on the extensive experience in the field of
sorption and solvent-extraction processes available,
investigations were initiated in 1986 with the purpose
to develop a process flow-sheet for rhenium
extraction from uranium ores and solutions obtained
by underground leaching of uranium at Navoi,
Uzbekistan. During two years a unique flow-sheet
and non-standard equipment were developed which
ensured selective recovery of rhenium from solutions
containing from 0.1 to 0.3 mg/l Re. This technology
comprises processes for selective re-extraction of
rhenium from extraction solutions of uranium
production circuits with subsequent concentration
and separation of rhenium from uranium and
molybdenum. The crude crystals of ammonium
perrhenate were subjected to double re-crystallization
and washing with ethyl alcohol. After having put into
operation an electrodialysis unit, the purity of
ammonium perrhenate obtained corresponds to AP-0
grade.
The capacity of this unit ensures an output of 1.5 to
2.0 tpy of ammonium perrhenate depending on the
rhenium content in the uranium feed material
supplied to the hydrometallurgical plant.
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ISSUES RELATED TO PROCESSING OF
UNCONVENTIONAL RHENIUM-CONTAINING

RAW MATERIALS

A.M. Chekmarev, I.D. Troshkina, D.G. Petrov,
Yu.A. Kresova

Russian University of Chemical Technology
named after D.I. Mendeleev, Moscow

Hydrometallurgical techniques for rhenium recovery
from intermediate products and wastes have been
discussed. These materials are generated as a result of
integrated processing of some unconventional raw
materials (spent washing sulfuric acid, effluents,
recycled, water, overflow from thickeners,
hydrocarbon-containing materials, such as
bituminous oil shales, highly viscous oils and natural
bitumen, hard bitumen, etc.).
Basic flow-sheets have been developed and
successfully tested using actual available products as
unconventional raw materials for rhenium recovery.

VOLCANIC GASES AS A NEW RESOURCE OF
RHENIUM

F.I. Shaderman, A.A. Kremenetsky

Institute of Mineralogy, Geochemistry and Crystal
Chemistry of Rare Elements, Moscow

Using the Kudryavyi volcano (Iturup Iceland, Kuril
Islands) as an example, rhenium resources of volcanic
gas emissions have been estimated. This new source
of rare metals is estimated at n. 10 tpy and is of major
practical significance. A technology has been
developed for recovery of rhenium and associated
rare metals (In, Ge, Bi, etc.) by absorption of metals
from the gaseous phase with natural mineral
sorbents. Rough economic estimates indicate that
this resource can be exploited with high economic
efficiency of production.
This report contains some data related to rhenium
and other rare metals contents of gaseous emissions
of various volcanoes worldwide. Prospects for the use
of this new source of rare metals raw material have
been discussed.
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RECOVERY OF RHENIUM AS BY-PRODUCT
OF UNDERGROUND URANIUM LEACHING

V.V. Krotkov, Yu.V. Nesterov, L.I. Ruzin,
M.F. Sheremetyev

J.-S.C. "Atomredmetzoloto", Moscow
All-Russian Scientific Research Institute of Chemical

Technology, Moscow

Effective solvent-extraction and solid ion-exchange
processes for recovery of rhenium as by-product from
leach solution from in situ leaching of uranium ore
and containing 0.1-0.5 mg/din3 Re have been tested
and proven.
A mixture of trialkylamine and tributyl phosphate in
a diluent xvas used as extractant. Sorbents were AM-
p and AMP anionic resins and activated carbon.
Rhenium recovery from leach solutions using
activated carbon was as high as 90-95% with a
concentration degree of 400-500.
Elution of Re from anionic resins was performed
with the aid of H2SO4 solutions under stripping
conditions, whereas in the case of activated carbon
ammonia was used with subsequent concentration by
ampholytes of VP- 14KR or VP- 1 8KR grades.
The final product is ammonium perrhenate.

RECOVERY OF RHENIUM AS BY-PRODUCT
OF TREATMENT OF MOLYBDENITE AND

COPPER-NICKEL CONCENTRATES WITH THE
AID OF SELECTIVE ION-EXCHANGE RESINS

A.A. Blokhin, A.A. Kopyrin

St. Petersburg State Institute of Technology

In the process of treatment of molybdenite
concentrates using nitric acid scheme route, rhenium
contained in the concentrates reports to nitrate and
sulfate mother solutions, while in the case of
processing of copper-nickel concentrates by
pyrometallurgical route, it reports into washing
sulfuric acid in wet gas cleaning systems. Various
weakly and strongly anionic resins with gel and
porous structures have been investigated to study
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their selective properties with respect to rhenium. A
weakly anionic resin has been selected which has
selectivity with respect to rhenium and sorption
capacity not inferior to best strongly anionic resins;
at the same time, it can be readily regenerated with
ammonia solutions. It has been demonstrated that it
can be used for effective rhenium extraction from
sulfuric acid and nitric/sulfuric acid solutions
containing molybdenum.

IMPROVEMENT OF TECHNOLOGY FOR
PROCESSING COPPER-MOLYBDENUM ORES

FROM "ERDENET-OVOO" DEPOSIT

S.'Davaanyam, I.Sh. Sataev, Zh. Baatarkhuu,
A.M. Desyatov,* M.I. Khersonsky*

ERDENET Joint Venture, Mongolia
*RF State Research Center, State Scientific Research
Institute of Nonferrous Metals "GINTSVETMET",

Moscow

The annual molybdenum output of ERDENET Joint
Venture is 2,000 tonnes. The flow-sheet of the ore
treatment plant comprises bulk flotation to produce
copper-molybdenum-pyrite product, its oxidizing
steaming (after thickening) in lime medium at 80-
90'C during 60-90 minutes, flotation of molybdenite
after washing, cleaning of the froth product (8
cleaner operations) using sodium sulfide, flotation of
copper minerals to recover copper from the scavenger
underflow of molybdenum flotation with depression
of pyrite with lime.
The said flow-sheet ensures planned performance
values with a relative copper content in the form of
primary sulfides not exceeding 40%. In accordance
with the annual mining schedule for a few next years,
it is expected that the portion of primary ores will
increase, and in this connection investigations have
been carried out with the aim to improve the ore
processing technology.
Laboratory and semi-commercial tests of a number
of ore samples have indicated that it is possible to
produce copper-molybdenum concentrates with high
copper contents in the bulk flotation circuit using
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collectors selective with respect to pyrite (isopropyl
aeroflot, S-703) instead of butyl xanthate.
Currently, preparations are made for commercial-
scale tests of the said processing technology in one of
the plant sections.

PROSPECTS FOR THE USE OF MEMBRANE
TECHNIQUES FOR PROCESSING RHENIUM-

CONTAINING SOLUTIONS

I.D. Troshkina, A.M. Chekmarev, A.B. Maiboroda,
D.G. Petrov, V.F. Malykhin

Russian University of Chemical Technology named
after D.I. Mendeleev, Moscow

Zhezkazgan Redmet, Kazakhstan

Membrane techniques have been proven for selective
recovery and concentration of rhenium from complex
multi-component systems, in particular, the method
of complex formation and ultrafiltration (CF-UF)
based on addition of polyelectrolyte (PE) to the
solution to form a complex with the valuable
constituent and subsequent ultrafiltration.
Preliminary studies were carried out to investigate
aggregate stability of polyelectrolytes in aqueous
systems with introduction of anions. Anion
concentrations were determined at which PE started
to coagulate. The effects of external factors (pH
value, ratio of PE to perrhenate ion, behavior of
impurities) on the separation characteristics of the
CF-UF process were studied. PE regeneration
conditions were determined. The effect of the number
of extraction-regeneration cycles on the rhenium
recovery was investigated. Basic process flow-sheets
were developed and successfully tested to recover
rhenium from effluents and recycled water, as well as
from thickener overflow at two plants.
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HYDROMETALLURGICAL RECOVERY OF
RHENIUM AND MOLYBDENUM FROM

TECHNOGENIC RAW MATERIALS
A.G. Kholmogorov, O.P. Kalyakina,

O.N. Kononova, S.V. Kachin

Krasnoyarsk State University, Institute of Chemistry
and Chemical Technology, Siberian Division of

Russian Academy of Sciences, Krasnoyarsk

Studies have been conducted to investigate
technological processes for sorption concentration of
rhenium on anion-exchange resins having non-
porous and porous structure with heterocyclic amines
and recovery of molybdenum on anion-exchange
resins with macroporous structure on the basis of co-
polymers with long-chain binding agents and
polyamines widely proven on industrial solutions
with various salt background and production of pure
rhenium and molybdenum salts. Anion-exchange
resins of AN-82, AN-105, AN-106, and AN-108
grades can be recommended for the use in
commercial units for processing rhenium- and
molybdenum-bearing secondary raw materials by
hydrometallurgical route, as well as for treating
primary mineral raw materials (including tungsten-
containing materials).

PRODUCTS OF VOLCANIC ACTIVITY - RAW
MATERIALS FOR PRODUCTION OF

RHENIUM AND OTHER METALS

G.S. Shteinberg

Institute of Volcanology and Geodynamics,
Yuzhno-Sakhalinsk

The results of specialized geochemical, chemico-
technological and geologo-economical investigations
of principal possibility of extraction of rhenium and
other valuable components from volcanic rocks of
Kudryavyi volcano are presented. Average rhenium
concentration in rock and in areas of fumarol
volcanic activity makes 30 g/t, 23 components
including La, Sm, Ag, Au were determined totally.
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Investigations aimed at identifying new
mineralization zones have been continued.

A STUDY ON THE BEHAVIOR OF
MOLYBDENUM AND RHENIUM IN THE

PROCESS OF TREATMENT OF LEAD-
CONTAINING INTERMEDIATE PRODUCTS

T.N. Greiver, E.E. Sergeeva, T.N. Vergizova,
I.G. Zaitseva

St. Petersburg State Mining Institute

In the process of water leaching of converter dusts
from copper-nickel smelters about 5-30% of Re and
25-40% of Mo is not extracted and remains in the
lead-containing residue. Certain regularities in the
behavior of these metals in the process of lead
recovery with the aid of chloride and alkaline
solutions have been investigated. It has been
demonstrated that it is feasible to recycle alkaline
solutions with accumulated molybdenum. For the
conditions of the Severonickel Smelter, a flow-sheet
has been proposed which comprises blending of
solutions from water and alkaline leaching and it has
been demonstrated that the Re and Mo recovery into
these combined solutions amounts to 99-100% and
97-100%, respectively. Extraction of Mo and Re from
solutions is accomplished with the aid of selective
sorption on anionic resins.

ION-EXCHANGE PROCESSES FOR EFFECTIVE
SEPARATION AND PURIFICATION OF

TUNGSTEN AND MOLYBDENUM

A.A. Blokhin, A.A. Kopyrin, E.A. Pirmatov,
I.S. Asadov

St. Petersburg State Institute of Technology,
Uzbek Refractory and Heat-resistant Metals Plant

Ion-exchange processes for purification of
ammonium molybdate and ammonium tungstate
solutions to remove tungsten and molybdenum,
respectively, have been developed and introduced on
a commercial scale. The former process is designed to
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adjust the parameters of -feed solution and
subsequently pass it through a column with anion-
exchange resin, which selectively sorbs tungsten; the
latter process is based on treatment of feed solution
with measured amounts of sulfidizing reagent to
convert molybdenum into thiocomplexes, after which
it is passed through a column containing anion-
exchange resin selectively sorbing molybdenum
thiocomplexes. The use of these processes ensures a
decrease in the said impurities concentrations by a
factor of at least 100 and production of respective
salts with a content of the impurity element of n.(10-4-
10-3) % by mass.

SOLVENT-EXTRACTION TECHNIQUES
FOR PROCESSING TECHNOGENIC

RHENIUM-CONTAINING RAW
MATERIALS

V.F. Travkin, N.E. Nekhoroshev

RF State Research Center, State Scientific
Research Institute of Nonferrous Metals

"GINTSVETMET"

Leaching of technogenic rhenium-containing raw
materials can produce hydrochloric, nitric or sulfuric
acid or alkaline leach solutions. The most efficient
method for selective recovery of rhenium from such
solutions is solvent extraction.
The solvent extraction of rhenium is dependent not
only on the nature of the organic extractant used, but
also on the acidity of the aqueous phase, valence of
rhenium, nature and concentration of leachant, as
well as the nature of organic diluent.
In order to extract rhenium from weakly acidic
aqueous solutions (pH=2-3), it is reasonable to use
tertiary and secondary aliphatic amines.
Extraction technology has been tested for rhenium
recovery from spent catalysts to produce metallic
rhenium or ammonium perrhenate.
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DEVELOPMENT AND TESTING OF SOLVENT-
EXTRACTION PROCESS FOR RHENIUM
RECOVERY FROM LEAD-CONTAINING

DUSTS SULFATIZATION SOLUTIONS

G.K. Kulmukhamedov, L.M. Kopanev, I.Yu.
Fleitlikh,* G.L. Pashkov*, A.I. Kholkin**

I-S.C. "Gidrotsvetmet Institute" Novosibirsk
*Institute of Chemistry and Chemico-metallurgical

Processes, Siberian Division of the Russian Academy
of Sciences, Krasnoyarsk

"**Institute of General and Inorganic Chemistry,
Russian Academy of Sciences, Moscow

The rhenium recovery form sulfate-chloride solutions
from lead production using solvent-extraction with
trialkylamine (TAA) is hindered by concurrent
extraction of rhenium and cadmium.
The report presents the following results of a series of
studies aimed at development of a rhenium extraction
process for chloride-sulfide solutions obtained as a
result of lead-bearing dusts processing:
e solvent extraction of rhenium and cadmium has

been investigated using mixtures of TAA and
various organic acids;

e optimum composition of an extractant for
maximum rhenium recovery has been determined;

* feasibility of selective separation of rhenium and
cadmium at the re-extraction stage has been
demonstrated;

* results of enlarged laboratory scale and
commercial-scale tests have been presented for
dusts from the sintering plant of the Chimkent
lead smelter.

The said technology has been patented in Russia and
Kazakhstan.

DEVELOPMENT, INTRODUCTION AND
IMPROVEMENT OF SOLVENT-EXTRACTION

PROCESS FOR AMMONIUM
PARATUNGSTATE PRODUCTION

G.P. Giganov, V.G. Giganov

RF State Research Center, State Scientific Research
Institute of Nonferrous Metals "GINTSVETMET"

The solvent-extraction technology developed in the
Gintsvetmet Insitute for tungsten recovery was
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introduced commercially at the Nalchik
Hydrometallurgical Plant in 1985 and at the
Kirovograd Sintered Carbide Plant in 1996.
Technical-grade trialkylamine containing 85%
tertiary amines was used as an extractant.
Taking into consideration some serious drawbacks of
this extractant, a modified reagent has been
developed and introduced at both of the above
plants, which made it possible to:
"* completely eliminate formation of a third phase,

reduce the concentrations of extractant and acid
for acidification;

"* reduce the concentration of free extractant and
co-extraction of impurities, ensuring thereby
better quality of the final product.

However, the extraction is accomplished in acidic
solutions with a pH value of 1.5-2, which causes
corrosion of equipment and an excessive
consumption of reagents.
As a result of the studies conducted, an extractant
has been found capable to extract tungsten at pH=5-
5.5, which substantially simplifies maintenance of the
equipment.
A technology has been developed for direct tungsten
extraction from soda solutions obtained as a result of
pressure leaching of scheelite concentrates.
After the tungsten extraction, the soda solution with
impurities is recycled to the pressure leaching circuit.
Any use of acids has been eliminated and the
discharge of salt solutions substantially reduced.

UTILIZATION OF TAILINGS GENERATED BY

THE INGICHKINSKI TUNGSTEN MINE

A.B.Yezhkov, Kh.Sharipov, I.O.Shnel

National Organization "SpetsSplav", Tashkent
Ingichkinski Experimental Expedition, Ingichki,

Uzbekistan

As a result of processing ores from the Ingichkinski
tungsten deposit, substantial amounts of tailings
have been accumulated with tungsten oxide contents
of 0,07-0,08%.
Technological tests and marketing studies have
demonstrated that it appears reasonable to upgrade
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the tailings using gravity benefication methods to
produce tungsten concentrates suitable for
commercial processing in Uzbekistan.
Tests were run at the Ingichkinski ore processing
plant using a continuous process flow-sheet
comprising three stages of benefication: cone
separators, four-deck concentration tables of SKO-30
type and concentration table of SKM-7,5 type, and
magnetic separator of EBV- 1 type. The tests made it
possible to select optimun process conditions
ensuring production of tungsten concentrate
containing 25-30% tungsten oxide.
A study of hydrometallurgical processing of the
concentrate produced has indicated that tungsten
recoveries of as high as 91-98% might be obtained by
autoclave soda leaching.
The said technology for processing of stockpiled
tailings has been introduced on commercial scale.

ORGANIZATION OF COMMERCIAL
RECOVERY OF RHENIUM AND OTHER

VALUABLE CONSTITUENTS FROM
SECONDARY RAW MATERIALS

A.V.Yelutin, M.V.Istrashkina, Z.A.Peredereeva,
M.N.Butova

State Research Center of RF, State Research
Institute of Rare-Metals Industry "Giredmet",

Moscow

The paper presents data relating to efficient
techniques for recovery of rhenium and other
valuable constituents from various types of
secondary raw materials (spent alumino-
platinorhenium catalysts and rhenium-containing
alloys).
Economic viability of processing of secondary
rhenium-bearing raw materials has been
demonstrated.
In order to extract rhenium and platinum from spent
alumino-platinorhenium catalysts several process
routes have been proposed which differ from each
other in the methods used both for opening-up and
subsequent extraction of rhenium and platinum. All
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technical decisions developed guarantee high rhenium
and platinum recoveries (93% and 98%, respectively).
Methods for processing of rhenium-containing alloys
(both binary and multicomponent) designed for
extraction of rhenium and other valuable constituten
(nickel, cobalt, tantalum, tungsten, molybdenum) are
discussed.

RARE METALS PRODUCTION AND MINERAl
RESOURCES IN UZBEKISTAN

Kh.T.Sharipov, E.I.Nikolaeva,
M.A.Kazhikhin

National Organization "SpetsSplav"
Institute of Mineral Resources, Tashkent, Uzbekistan

One of the first priorities in the current development
of the Republic of Uzbekistan is development,
utilization and extension of the mineral reserves of
rare metals and trace elements, as well as an increase
in their production for both domestic consumption
and export. In order to attain this objective the RU
State Committee of Geology has conducted an
analysis of the prospects for development of the
reserves of trace elements, elaborated scientific
methods for forecasting, prospecting and appraisal of
rare metals occurrences, and carried out studies of
the mineralogical and geochemical properties of the
existing deposits, including the use of
unconventional types.
It has been demonstrated that the Republic of
Uzbekistan has considerable geological reserves of
rare metals and trace elements; as for molybdenum
and rhenium resources it is among the first ten
countries in the world and hold third place among
the CIS countries. The degree of proven reserves is
fairly high, the ratio of proven reserves to these
currently exploited is 3:1.
Currently, the main source for molybdenum and
rhenium production is molybdenum concentrates
from unique complex copper-containing porphyry
deposit of the Almalyk region. The ore containing
over 10 associated valuable constituents is processed
at the Almalyk Mining and Metallurgical Complex.
However, the qualitative characteristics of trace
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elements reserves are not quite satisfactory with
respect to up-to-date requirements, which
necessitates improvement of techniques used both for
mining and especially for treatment of ores.
Issue related to the use of secondary raw materials
have been also discussed.

ASPECTS AND CURRENT STATUS OF
INTEGRATED PROCESSING OF ORES AND

OTHER RAW MATERIALS CONTAINING RARE
METALS

Kh.T.Sharipov

National Organization "SpetsSplav"
Institute of Chemistry, Academy of Sciences of the

Republic of Uzbekistan, Tashkent,

It has been demonstrated that some specific
geochemical features of ore formation processes in
Central Asia contributed to concentration of many
rare, trace, noble and rare-earth metals. Ore deposits
of this region are unique as to their mineralogical and
chemical forms of accurrence. On the other hand,
development of the mining, metallurgical, chemical
and petrochemical industries resulted in generation of
secondary and man-made sources of rare metals.
Based on geological and geochemical investigations,
data have been obtained which refer to
concentrations of rare, trace and other metals in
polymetallic raw materials and ores ("sandstone
type"). Distribution of valuable constituents
throughout various steps of benefication and
metallurgical processing at mines and metallurgical
facilities of Uzbekistan has been studied with the aid
of modern analytical instruments.
Using Re and Co as examples, it has been
demonstrated that there are ways for improving the
metals recoveries from waste materials, residues, and
sludges; results of metallurgical tests are discussed.
Some non-conventional raw material sources for rare
metals production are considered, i.e., technogenic
wastes generated by the chemical, petrochemical, and
electronics indusctries. Data is presented relating to
processing of spent catalysts containing Mo, Bi, Co,
and other valuable metals. It has been demonstrated
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that electronic scrap and wastes can be effectively
utilized for precious metals extraction; waste cakes
and tailings accumulated in Uzbekistan can be used
as valuable raw materials.
Issues relating to production of metals of high purity
(99,99% and 99,999%) and products thereof both for
export and as substitutes for imported materials, are
discussed.

SECTION II

METHODS FOR TREATMENT OF RAW
MATERIALS, PRODUCTION OF

METALS AND METAL COMPOUNDS

CURRENT STATE AND OUTLOOKS FOR
DEVELOPMENT OF TUNGSTEN-

MOLYBDENUM INDUSTRY IN CIS
COUNTRIES

E.I. Gedgagov, A.D. Besser

RF State Research Center, State Scientific Research
Institute of Nonferrous Metals "GINTSVETMET"

Data related to raw material reserves, the level of
technology and quality of products manufactured by
enterprises of the tungsten-molybdenum industry in
the CIS countries are presented. The main factors, on
which penetration into the world markets is
dependent, include lower production cost, improved
quality of products to be ensured by using state-of-
the-art technologies, such as ion-exchange processes
in hydrometallurgy, plasma chemical processes in
powder metallurgy, etc. It is essential to introduce
some advanced developments made in a number of
research institutions for production of high-grade
concentrates, liberation of upgraded products and
waste materials, treatment of pure compounds of
molybdenum, tungsten, and rhenium to produce
metals and products.
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PROSPECTS FOR METALLOTHERMY
IN PRODUCTION OF REFRACTORY

TRACE METALS AND THEIR
COMPOUNDS

V.V. Lazarenko, A.P. Parshin, V.V. Shatalov

All-Russian Scientific Research Institute of Chemical
Technology, Moscow

Metallothermic processes have especially promising
prospects for development of resource-conservation
and energy-saving processes not only for production
of master alloys, alloys and pure metals, but also
some inorganic compounds with high properties.
The research results obtained over the recent years
made it possible to develop high-efficiency processes
on the basis of metallothermy, and in particular
aluminothermy for production of:
a) Re-Mo-Ni-Al master alloy for aircraft industry;
b) high-quality fused tungsten carbide required for

manufacture of both drill tools and hard alloys;
c) fused metal molybdenum.

CONTINUOUS UNIT FOR HYDROGEN
REDUCTION OF REFRACTORY METALS

POWDERS

M.M. Spivak, V.E. Khrapunov, A.T. Shoinbayev,
Zh.A. Akimzhanov

Institute of Metallurgy and Mineral Benefication,
Almaty, Kazakhstan

A continuous vibration-type unit for hydrogen
reduction of refractory metals powders has been
developed.
The said vibration-type unit permits a substantial
decrease in the production cost as compared with
conventional equipment due to automation of the
process and lower electric power and hydrogen
requirement.
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PRODUCTION OF REFRACTORY
METALS USING SORPTION

PROCESSES

V.A. Peganov, A.N. Vaskakov,
T.V. Molchanova, T.P. Kharina

All-Russian Scientific Research
Institute of Chemical Technology, Moscow

Based on the experience gained by application of ion-
exchange techniques for hydrometallurgical uranium
extraction, some process flow-sheets have been
developed for treating various raw materials
containing refractory metals. The basis for such flow-
sheets is sorption processes for extraction and
concentration of metals ensuring high quality of
products and improved overall recovery of valuable
metals.
The most efficient ion-exchange resins are sorbents of
vinylpyridine type. Special-purpose synthesis has
permitted an effective combination of advantages of
macroporous structure of the sorbent and chemical
properties of refractory metals.
Extensive prospects for sorption technology
application will extend the raw materials basis for
production of refractory metals.

NEW TRENDS IN TECHNOLOGY OF
PRIMARY PROCESSING OF TUNGSTEN

CONCENTRATES

A.S. Medvedev

Moscow Institute of Steel and Alloys

A review of new technologies developed in the
Moscow Institute of Steel and Alloys and in
cooperation with the Giprotsvetmet Institute is
presented covering processes for primary processing
of tungsten-bearing raw materials: double-stage
autoclave soda leaching of wolframite and scheelite
concentrates with recycling of a part of waste cakes
to the head of the process; autoclave soda leaching of
wolframites mechanochemically modified in calcium
salt solutions; oxidation leaching including high-
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temperature autoclave soda leaching of wolframites;
various modifications of low-temperature leaching of
wolframites with alkali solutions; nitric acid leaching
of scheelite concentrates with recycling of a part of
tungstic acid to the head of the process,
decomposition of wolframites in low-melting eutectic
melt of soda and saltpeter.

RHENIUM AND OSMIUM RECOVERY
IN THE PROCESS OF ROASTING OF

MOLYBDENUM-BEARING
INTERMEDIATE PRODUCT

T.N. Greiver, E.V. Popkov, V.M. Piletsky,
Yu.N. Tsoi, B.P. Rudenko

St. Petersburg State Mining Institute
Almalyk Mining and Metallurgical Complex,

Uzbekistan

A process flow diagram has been developed for
integrated processing of molybdenum-bearing
intermediate product comprising its roasting in order
to evaporate osmium and rhenium into a gaseous
phase, their absorption and subsequent recovery, as
well as processing of cinder using conventional
techniques. The said intermediate product obtained
at Almalyk has a high content of organic matter,
which results in scattering of fumes throughout the
flue ducts and hinders their concentration. Feasibility
of combustion of the organic constituents directly in
the furnace unit has been investigated and as a result
a recovery of at least 92% of rhenium and osmium
from the intermediate product into the fumes was
achieved along with a high degree of their absorption
from the gaseous phase. An improved design of a
shaft furnace for molybdenum middling roasting has
been proposed.
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TECHNOLOGY FOR RHENIUM
RECOVERY FROM SOLUTIONS

WITH EXTREMELY LOW
CONCENTRATIONS

V.I. Volk, A.Yu. Vakhrushin, A.D. Besser*

RF State Research Center, All-Russian Scientific
Research Institute of Inorganic Materials named

after Academician A.A. Bochvar
*RF State Research Center, State Scientific Research
Institute of Nonferrous Metals "GINTSVETMET"

A processing technology has been developed for
rhenium recovery from process solutions obtained at
copper production plants and containing about 0.1
mg/I Re (recycled solutions at ore treatment plants,
drainage effluents from tailings ponds, etc.). The said
technology is based on rhenium recovery from
aqueous solutions using strongly anionic resins,
elution of rhenium from resins with organic solutions
of tertiary amines and subsequent re-extraction of
rhenium from amines with aqueous ammonia
solutions.
The tests conducted at a pilot plant (six full-scale
process circuits) using actual process solutions of the
DzhezkazganTsvetmet Company have indicated that
a recovery of 70-80% of rhenium from such solutions
can be achieved with concentration rates of 103-104.
Despite the complex composition of the solutions
used and the presence of organic impurities (flotation
reagents, flocculants, etc.), no degradation of the
anion-exchange resin and the amine solution was
recorded, while the process itself remained stable.
In the same process, about 40-50% of copper
dissolved in the process solutions was recovered as
by-product. The bulk of copper readily separates
from rhenium at the stage of washing of saturated
sorbent with aqueous ammonia solution to remove
slimes prior to rhenium elution with amine solution.
The final eluate contains 100-200 mg/I copper and
400-600 mg/1 rhenium; it can be further processed
using conventional solvent-extraction or sorption
techniques to produce ammonium perrhenate.
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OPTIMIZATION OF DILUENT FOR RHENIUM

(VII) EXTRACTION WITH TRIALKYLAMINES

V.I. Volk, A.Yu. Vakhrushin

RF State Research Center, All-Russian Scientific
Research Institute of Inorganic Materials named

after Academician A.A. Bochvar

Extraction properties of a system based on
trialkylamine solution in polyalkylbenzene as an
extractant for rhenium (VII) recovery from sulfuric
acid solutions have been investigated. The parameters
obtained were compared with those of a common
commercial extractant (trialkylamine solution in a
mixture of technical-grade alcohols and kerosene).
The proposed system possesses somewhat higher
extraction ability with respect to rhenium due to the
absence of the depressing effect of alcohol. The
solubility of amine sulfates in polyalkylbenzene is
comparable with that of the alcohol-kerosene diluent,
but the fact that the former consists of only two
components substantially simplifies the control over
its composition in commercial processes.
As a polyalkylbenzene, it is proposed to use a
mixture of triethylbenzene isomers (including at least
75% of 1, 3, 5-triethylbenzene), which ensures an
optimum combination of physical and chemical
properties (isotherm of rhenium (VII) extraction with
trialkylamine, viscosity, surface tension) and
technological properties of the extractant (solubility
in aqueous solutions, rate of delamination, flash
point of organic solution).

SOME PROCESSES FOR PRODUCTION OF

TUNGSTEN COMPOUNDS

N.N. Rakova, A.V. Balzovsky, L.M. Leonova, V.K.
Rumyantsev*

Moscow Institute of Steel and Alloys
*All-Russian Scientific Research Institute of Hard

Alloys, Moscow

Ammonium paratungstate (APT) is an intermediate
product for tungsten production; its properties and
methods of production are dependent on the quality

87



requirements for particular tungsten products. In the
recent years, special high-purity APT is used for
production of blue tungsten oxide (BTO) which is
used for manufacture of cemented carbides and non-
sagging tungsten filament. APT of special purity is
obtained using a complex flow-sheet; direct re-
crystallization is not applied due to the low solubility
of APT in water or aqueous ammonia solution.
Optimization of the dissolution conditions and
preliminary low-temperature calcination made it
possible to apply a simple process flow-sheet for
production of APT of higher purity with a total
impurities content of not more than 0.007%.
An analysis of the data available in the literature
indicates, that BTO produced commercially has a
complex chemical and phase composition. It depends
on the application for BTO and is attributable to the
method used for its manufacture. BTO properties and
methods for its production have been studied using
apparatus of different types.
In the process of wolframite opening-up, iron,
manganese, tantalum, niobium, and scandium
remain in the waste cakes and can be potentially
extracted. These residues constitute a technogenic
resource with concentrations of valuable constituents
higher than in natural mineral deposits. A process
has been investigated and proposed for commercial
use to produce high-grade manganese-containing
concentrate suitable for production of ferroalloys,
chemical compounds for various applications and
chemical electric power sources.

TECHNOLOGY AND EQUIPMENT FOR
CONTINUOUS HYDROTHERMAL

PRECIPITATION OF MOLYBDENUM
TRIOXIDE FROM SALT SOLUTIONS

A.T. Shoinbayev, G.A. Trushin, A.D. Dadabayev

Institute of Metallurgy and Mineral Benefication,
(National Center on Complex Processing of Mineral

Raw Materials of Kazakhstan Republic) Almaty

Basically new technology for precipitation of
molybdenum trioxide under hydrothermal conditions
from leach solutions has been developed and is
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offered for implementation by the Institute of
Metallurgy and Mineral Benefication. This
technology makes it possible without any radical
changes in the existing molybdenum production
circuits, to ensure within a reasonably short time
production of high-quality molybdenum products.

INVESTIGATION OF PROCESSES FOR
INTEGRATED TREATMENT OF REFRACTORY

METALS CONCENTRATES AND WASTES

V.A. Krasilnikov, G.G. Andreev, F.A. Voroshilov,
T.I. Guzeeva, A.S. Levshanov,

Yu.F. Kobzar*, A.N. Kachaev*, V.P. Shedikov*,
T.S. Zaitseva*, V.P. Stolbov*

Tomsk Polytechnic University, Tomsk
*Siberian Chemical Plant, Seversk

The use of refractory metals: tungsten, rhenium,
molybdenum and their alloys in nuclear and rocket
technology, electronics, chemical industry and other
sectors of science and technology requires efforts to
improve the processes used for their production,
extend the range of products and reduce the costs. In
this connection it is essential to process waste
materials containing refractory metals.
One of the possible routes for improving the
technology for rhenium production is the use of
gaseous fluoride flow-sheet for treating metallic
waste and concentrates of rhenium, tungsten and
molybdenum.

RESOURCE-SAVING TECHNOLOGY FOR

PRODUCTION OF TUNGSTEN COMPOUNDS

G.V. Veryovkin

J.-S.C. "West Siberian Company", Novosibirsk

The conventional modern technologies for
production of tungsten compounds entail high
reagent requirements and generate large amounts of
environmentally hazardous salt effluents.
In cooperation with a number of institutes of the
Academy of Sciences and specialized institutions for
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applied research, we have developed over the past 15
years a concept based on solvent-extraction (or solid
resin sorption) for concentration of tungsten directly
from filtered liquors without neutralization of
excessive soda or alkali. In the recent years, the
development of this closed-cycle technological
process has been completed.
The studies carried out over a few past years on the
macrokinetics of the process have indicated that
despite the low exchange capacity of the extractants
used for tungsten concentration, the parameters of
mass transfer exceed those of the processes
commonly used for tungsten compounds production.
This permits an almost twofold reduction in the
volume-of the technological equipment used.

TECHNOLOGY FOR PROCESSING
TUNGSTEN-CONTAINING WASTES

V.A. Krasilnikov, G.G. Andreev, F.A. Voroshilov,
T.I.Guzeeva, A.S.Levshanov,
Yu.F.Kobzar*, T.S.Zaitseva*,

A.K.Ledovskih*, A.N.Kachaev*, V.P.Shedikov*,
E.O.Portnyagina*

Tomsk Polytechnic University, Tomsk.
*Siberian Chemical Plant, Seversk

The main purpose of this study was to investigate the
process for treating tungsten-containing wastes and
produce metallic tungsten in the form of powder,
tungsten coatings or compact components.
A comparison of traditional methods used for
processing tungsten-containing wastes with the
proposed process for fluoride treatment indicates,
that the latter has obvious advantages.

RESOURCE CONSERVATION IN THE
PROCESS OF HYDROMETALLURGICAL
TREATMENT OF TUNGSTEN PRODUCTS

L.I. Klyachko, V.N. Glushkov, V.K. Rumyantsev
All-Russian Scientific Research and Design Institute

of Refractory Metals and Hard Alloys, Moscow

Production of tungsten and tungsten-containing
alloys is based on the use of tungsten compounds as
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raw materials and their purity determines to a very
considerable extent the quality of final products.
Most substantial removal of impurities contained in
tungsten ores is accomplished in the process of
hydrometallurgical treatment of tungsten
concentrates.
This report considers issues related to opening-up of
tungsten concentrates to obtain a soluble tungsten
compound, i.e., sodium tungstate, and new methods
for processing its solutions using ion-exchange
technique. An essential factor is optimal processing
of tungsten-containing waste materials. Some other
methods have been also discussed.
A third very important process for production of
tungsten compounds is treatment of effluents
generated as a result of hydrometallurgical processes.
The report considers most recent processes for
recovery of tungsten and a number of chemical
compounds from waste waters.
Methods ensuring saving of tungsten resources,
reagents, and capital costs discussed in this paper
have already found practical application in the
industry.

INTRODUCTION OF ION-EXCHANGE
TECHNOLOGY FOR PURIFICATION OF

AMMONIUM TUNGSTATE SOLUTIONS TO
REMOVE MOLYBDENUM

E.A. Pirmatov, A.A. Blokhin

Uzbek Refractory and Heat-resistant Metals Plant

The content of molybdenum impurity in tungsten
wire for manufacture of common incandescent lamps
and halogen lamps should not exceed 0.03% and
0.005% by weight, respectively.
A series of studies has been carried out to investigate
removal of impurities, including molybdenum, from
ammonium tungstate solutions resulted in selection
of an ion-exchange technology comprising the
following major steps:
* treatment of the solution with measured

quantities of ammonium sulfide to convert
molybdenum into a thiocomplex [MOS412-;
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"* passing the solution through a column with
strongly anionic resin for selective sorption of
molybdenum;

"* evaporation of purified solution and
crystallization of ammonium paratungstate;

"* regeneration of the anion-exchange resin by
treating it with oxidant solution.

As a sorbent, anion-exchange resin of VP-lAp grade
was selected; it is similar with respect to its capacity
to other strongly anionic resins (AM, AM-p), but it is
easier to regenerate and has better chemical stability
under operating conditions in sorption-regeneration
cycles. Nitric acid solution is used as oxidant.
Introduction of this development has permitted the
Plant to 'produce high-purity tungsten products and
keep within the specified molybdenum impurity
content.

PREPARATION OF SCHEELITE
CONCENTRATE PRIOR TO

HYDROMETALLURGICAL PROCESSING
TO IMPROVE TUNGSTEN RECOVERY

E.A. Pirmatov

Uzbek Refractory and Heat-resistant Metals Plant

Residual flotation reagents in scheelite concentrate
are not decomposed during autoclave soda leaching
and result in flotation of tungsten into froth product
formed by emission of C02 and steam. As a result,
the degree of tungsten transfer into sodium tungstate
solution decreases, i.e., the recovery of the valuable
constituent is reduced.
In order to remove the residual flotation reagents,
liquid glass, carbonate and sulfide impurities from
scheelite concentrate, a process has been developed
and introduced for preparation of concentrates for
subsequent treatment. This process comprises:

* calcination in rotary kilns at 400-4200 C;
* washing with mineral acids (25-30 g/l nitric acid

solution).
As a result of the implementation of this process, the
tungsten content of the waste cakes has been reduced
to 0.8-0.9%, while the tungsten transfer into the
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solution improved by 1.5-2.0%. At the same time, the
content of tungsten oxide in the treated concentrate
increased to 72% (instead of common 60-65%).

INTEGRATED UTILIZATION OF INDUSTRIAL
EFFLUENTS FROM HYDROMETALLURGICAL

FACILITIES FOR TUNGSTEN AND
MOLYBDENUM PRODUCTION

E.A. Pirmatov

Uzbek Refractory and Heat-resistant Metals Plant

The composition of effluents from
hydronmetallurgical facilities for molybdenum and
tungsten production has been investigated. They
contain mainly sodium nitrate, ammonium nitrate,
sodium sulfate, and ammonium sulfate. Metal
impurities include tungsten, molybdenum, rhenium,
and rather considerable amounts of copper and iron.
Processes available currently for removal of copper
and iron ensure virtually complete removal of these
impurities. Soda ash and technical-grade sodium
nitrate are produced from effluents contaminated
with sodium nitrate; at present those products are
imported to the Republic of Uzbekistan. The
remaining effluents are evaporated to dryness leaving
a mixture of salts consisting of sodium and
sulfoammonia nitrates, sodium and ammonium
sulfates, and suitable for the use as complex fertilizer
enriched in microelements.

USE OF SURFACE-ACTIVE AGENTS
IN HYDROMETALLURGY OF

TUNGSTEN

E.A. Pirmatov, B.D.Dyusebekov

Uzbek Refractory and Heat-resistant Metals Plant

New technology has been developed and introduced
commercially for the use of surface-active agents in
the process of silicon removal from tungstate
solutions.
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The effect of temperature, concentrations of
surfactants, mineral acids, and their ammonium salts
on silicon precipitation has been studied in the
process of neutralization of soda solutions of
tungstates. Optimum process conditions have been
established.
The proposed technology has been introduced on full
scale in the No.4 Department of the Uzbek
Refractory and Heat-resistant Metals Plant and
ensured a substantial reduction in the losses of
tungsten incurred in the hydrolytic tungstate solution
purification process for silicon removal due to
incomplete precipitation, inadequate filtration and
entrainment of the valuable constituent with silicic
acid. The silicon removal efficiency has been
improved and the residual silicon content of metallic
tungsten does not currently exceed 0.003% by
weight.

RAPID DETERMINATION OF MOLYBDENUM
IN PROCESS SOLUTIONS BY DERIVATIVE

SPECTROPHOTOMETRY

Yu.V. Demin

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

It has been found that the method of first-order
derivative permits a significant improvement of the
selectivity of Mo determination in the presence of Nb
and V (without their preliminary separation) in
sulfuric acid medium in the presence of hydrogen
peroxide and sulfonitrazo.
A rapid (8-10 min), highly sensitive (up to 1 mg/l Mo)
and selective method has been developed for
determination of Mo in process solutions (Mo can be
determined in the presence of 1000-fold amounts of
Nb, fluoride ions and other elements, 30-fold
amounts of V, etc.). The said method has a high
reproducibility: Sr = 0.16 for 3.1 mg/l Mo.
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RAPID ANALYSIS OF NATURAL AND
TECHNOLOGICAL MATERIALS FOR

RHENIUM CONTENT

L.V. Borisova, Yu.V. Demain, O.D. Bozhkov*

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

*Institute of General and Inorganic Chemistry,

Bulgarian Academy of Sciences

A series of direct kinetic methods using photometric
or visual indication and based on redox reactions of
organic reagents catalyzed by rhenium have been
developed for analytical testing of materials for their
rhenium content in reactive media obtained after
decomposition of such materials.
Highly sensitive and selective methods have been
developed on the basis of redox reactions of
diphenylamine in a mixture of concentrated H2SO4
and HCI, sulfonitrazo-P in a mixture of H2SO4 and
HNO 3, dimethyl-dithiooxamide in concentrated
NaOH in the presence of oxidants. The methods are
not inferior to AES-ICP and mass-spectral methods
with respect to their sensitivity, but they are more
economic (they do not require expensive equipment),
ensure rapid analysis (15-20 min) and do not need
any pre-concentration and separation of Re from the
matrix. The said methods have been successfully
applied for routine analysis of process solutions and
products of volcanic activity (Kuril Islands) under
both stationary and field conditions.

BASIC CONDITIONS FOR IMPROVEMENT OF
HYDROMETALLURGICAL PROCESSES FOR

TREATING MOLYBDENUM-CONTAINING
RAW MATERIALS

A.E.Vorobyev, V.V.Khabirov*

Moscow State Mining University
*National Academy of Sciences of Kyrgystan

It has been demonstrated that improvement of
processes used for opening-up of molybdenum-
containing raw materials by hydrometallurgical
techniques should be based on inhibition of
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accompanying reactions and enhancing the feed
reagents and interacting media.
It has been shown that in the process of opening-up
of molybdenum-rhenium sulfide raw materials by
nitric acid, a number of secondary deleterious
processes takes place which impair recoveries of
molybdenum and rhenium and result in generating
substantial amounts of waste cakes containing as
much as 1,0-3,5% Mo and 0,01% Re.
An inhibition method has been developed and
introduced on a commercial scale for chemical and
thermal treatment of ores with concentrated sulfuric
acid under normal pressure at temperatures within
120-160'C. This method makes it possible to
eliminate any adverse effects of diffusive nature,
ensures destruction of organic impurities, prevents
formation of elemental sulfur and polymolibdates,
and eliminates shielding of valuable constituents by
gangue minerals, ensuring thereby high recoveries of
valuable metals at subsequent processing stages.

THE DEVELOPMENT OF A UNIFIED METHOD
FOR RHENIUM IDENTIFICATION IN

MULTICOMPONENT OXIDE COMPOSITIONS

D.V. Drobot, A.V. Beliaev, V.A. Koutvitsky,
A.P. Rysev

Lomonosov Moscow State Academy of Fine
Chemical Technology.

The report is devoted to development of an effective
method for synthesis of glassy rhenium- containing
reference samples for X-ray fluorescent analysis on
the basis of bismuth and boron oxides. The
technique proposed is based on the introduction of
rhenium as a low-volatile oxide (rhenium (IV) oxide)
in these samples. The preliminary data on the atomic
emission spectroscopy with ICP study of M003-
ReO3 mixtures provide some evidence for the
correctness of the idea. The concentration of Bi203 is
70 wt.%. The thermal processing was carried out in a
wide range of temperature (400'C-1050'C). The
optimum conditions for the synthesis of these glass
samples with different ReO2 content (from 0.1 to 3
wt.%) are found to be as follows. At first, the solid
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solution of Bi and Re oxides is obtained at 750'C in
3 h in order to decrease the temperature at which the
vitrifying mixture melts, then it is melted with B203

at 800'C in 1 h. The glasses obtained were
investigated by X-ray fluorescent analysis and by
absorption spectroscopy following the rhodanate
technique. A buffer effect of B203 in the presence of
concentrated HCI was established. The results
obtained allow rhenium to be detected in oxide
mixtures within a range of rhenium content of 0.01 to
10 wt. % at Sr =0.03.

SECTION III

ALLOYS AND THEIR APPLICATIONS

CHEMISTRY OF POWDER METALLURGICAL
PRODUCTION OF NON SAG TUNGSTEN

FILAMENT

H.-J.Lunk

OSRAM SYLVANIA Products Inc., Towanda,
Pa 18848, USA

The manufacture of incandescent lamps can be
described as the first high technology industry.
Despite progress with other light sources with much
higher light yield, very large numbers of incandescent
lamps are in use, and for some applications there is
still no viable alternative.
All over the world the P/M manufacturing of
tungsten wire for incandescent lamps starts from
"tungsten blue oxide" (TBO), industrially produced
by calcination of ammonium paratungstate
tetrahydrate (APT-4H20), (NH4)Io[H 2WI2042].4H 20,
in hydrogen. TBO does not represent a well-defined
compound, but it is only the designation of a blue-
colored product with the overall composition
xNH3-yH20-WOn, where n<3. Besides crystalline
compounds (W0 3, hexagonal tungsten bronze phase,
W20058, W180 48, W0 2) TBO may contain up to 50%
of amorphous phases.
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Chemical, quantitative X-ray powder diffraction and

NH' I K' exchange analyses, and also high-
resolution 1H NMR investigation give a complete
and consistent characterization of different TBOs.
Only TBOs with a certain content of hexagonal
ammonium tungsten bronze, h-(NH 4)(W03)(0,33),

reveal the incorporation of K+ via an ion exchange
mechanism during the doping process.
The "doping" of TBO is done with aqueous solutions
containing potassium, silicon and aluminum with a
total concentration of about 5000 ppm and leads to
the outstanding high-temperature creep resistance of
the so-called NS (non sag) - tungsten wire. Doped
tungsten wire is unique in that it is a composite
between two non-alloyable elements, tungsten and
potassium. The creep resistance is due to a minute
concentration of potassium of about 70 ppm
distributed in tungsten wire as longitudinal rows of
liquid or gaseous bubbles. Silicon and aluminum
serve exclusively as "helpers" during the reduction
and sintering stages.

PRINCIPLES OF RHENIUM ALLOYS
DEVELOPMENT

K.B. Povarova, M.A. Tylkina

A.A. Baikov Institute of Metallurgy,
Russian Academy of Sciences

The procedures used for development of rhenium-
base and rhenium-containing alloys are based on
phase diagrams, composition-properties diagrams
and special features related to the effect of thermal
plastic treatment on the structure and properties of
alloys. Studies of two- and multi-component phase
diagrams of rhenium-containing alloys made it
possible to identify regions of homogeneity of solid
solutions, where rhenium acts as a basis or an
alloying component, as well as homogeneity regions
of intermetallic compounds, and temperatures of
phase transitions. These data enabled the researchers
to establish specific regularities in physical and
chemical interaction of rhenium with other elements
of the Periodic table and identify compositions,
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which have good prospects for development of
structural alloys and/or alloys with special physical,
chemical and service properties.

RHENIUM IN HEAT-RESISTANT NICKEL

ALLOYS FOR GAS TURBINE BLADES

E.N. Kablov, N.V. Petrushin, N.G. Orekhov,
G.M. Glezer

RF State Research Center, All-Russian Scientific
Research Institute

of Aircraft Materials, Moscow

The basic principles of alloying of heat-resistant
rhenium-containing nickel alloys (polycrystalline
alloys with columnar structure and single crystals, as
well as eutectic composites) are discussed, including
selection of chemical composition of perspective
alloys and formation of pre-determined structure. It
has been demonstrated that it is necessary to apply
analytical methods and computer-aided designing for
development of heat-resistant materials, saving
thereby the experimental efforts, reducing the time
required for development and substantially
improving the efficiency of the development.

STRUCTURAL MATERIALS BASED ON
SINGLE CRYSTALS OF MOLYBDENUM,

TUNGSTEN AND NIOBIUM

A.A. Yastrebkov

Scientific and Industrial Association "Luch",
Podolsk, Moscow Region

Structural materials have been developed on the basis
of single crystals of refractory metals (molybdenum,
tungsten, and niobium) in the "Luch" Association.
Due to the lack of boundaries between grains, single
crystals provide a number of advantages as compared
with traditional refractory metals with polycrystalline
structure.
The manufacturing facilities available in the "Luch"
Association make it possible to grow single crystals
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in the form of rods, tubes, plates, sheet, foil, and
multilayered products. A technology has been
developed for electron-beam welding of single
crystals without disturbing the single crystal
structure.
The refractory single crystal alloys developed in the
"Luch" Association can successfully compete with
respect to the their creep resistance at temperatures
below or equal to the melting point with any class of
polycrystalline materials. The set of technological
techniques, developed in the "Luch" Association
enables manufacture of single-crystal products with
various pre-determined geometric shapes, sizes with
preset accuracy, and surface finish. They include
electrodes for thermoemission energy converters,
powerful X-ray tubes, components for high-
temperature devices of various types.

REFRACTORY POWDER MATERIALS FOR

HIGH-TEMPERATURE TECHNOLOGY

1.0. Yershova, Yu.V. Manegin

Institute of Powder Metallurgy, State Research
Center I.P. Bardin Institute of Iron and Steel

Metallurgy, Moscow

Dispersion-strengthened Mo, Mo-W, W alloys and
pseudoalloys have been developed for high operating
temperatures (2000-3000'C). Wrought semi-final
products of these alloys ensure high strength ( "B =

650-1000 MPa), ductility of up to 5=25% at 200 C,
1gB=40-110 MPa at 1800 0C. Sintered semifinal
products made of pseudoalloys with elevated erosion-
resistance have mechanical properties at a level of
UB =392-450 MPa, >2% at 200C, aB =22-70 MPa
at 1800 0C. High-stregth and wear-resistant Mo-MeO

cermets (HB =3000 Mpa, ocy =1200 MPa) possess
chemical inertness with respect to molten Fe and Ni.
Nonmagnetic "heavy alloys" of W-MeO system with
a density of 15-16 g/cm 3 and low temperature
coefficient of linear expansion (3.3-4.0 x 10-6 K-1)
have high hardness (HB=2800 MPa) and strength
(a 2B =1200 MPa).
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DEVELOPMENT OF HIGH-TEMPERATURE
(1800-1900°C) MOLYBDENUM HEATERS WITH

PROTECTIVE COATINGS

Yu.A. Vasanov, G.M. Voronin*, A.I. Yeremina**,
V.V. Konokotin***, A.V.Kuznetsov***,

E.V.Sivakova***

Central Aerohydrodynamic Institute, Zhukovsky,
Moscow Region

*RF State Research Center, All-Russian Scientific
Research Institute of Aircraft Materials, Moscow
**Scientific and Industrial Association "Molnia",

Moscow
***State Scientific Research Institute of Graphite,

Moscow

Taking into account the current situation with
respect to high-temperature heaters, it has been
proposed to focus research on improvement of
protective properties of coatings on heaters made of
molybdenum-base alloys.
Effective use of such heaters has been demonstrated
in the process of testing high-temperature (up to
1600°C) structural elements of OK "Buran"
spacecraft.
Description of an experimental thermovacuum unit
with variable air pressure (10-3 + 760 mm Hg col.)
and a unique large-size molybdenum heater (900mm
x 900mm in plan) of tubular type with antioxidation
protective coating has been provided.
Potential applications for such heaters in civil
industry are discussed.

MOLYBDENUM-BASE ALLOYS WITH AND
WITHOUT COATING, THEIR APPLICATIONS

AND DEVELOPMENT PROSPECTS

G.M. Voronin, E.V. Sivakova

RF State Research Center, All-Russian Scientific
Research Institute of Aircraft Materials, Moscow

Starting from the 1950s, research and development of
molybdenum and its alloys have been conducted in
the VIAM Institute. The following alloys have been
developed: VM-1, VM-IA, VM-2, VM-3, VM-3P,
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VM-4, VM-5, VM-6, etc. complying with the
requirements set primarily for aircraft, spacecraft and
other fields of industry. Manufacturing processes
have been developed and adapted: melting,
deformation, mechanical treatment, welding and
brazing, heat treatment, etc. Coatings for various
applications and multifunctional coatings (>25), as
well as processes for coating application have been
developed to ensure durability of components at
temperatures up to 2000'C and above in oxidizing
and other environments.

PRINCIPLES OF TUNGSTEN-BASE ALLOYS

DEVELOPMENT

K.B. Povarova

A.A. Baikov Institute of Metallurgy (IMET),
Russian Academy of Sciences

Development of tungsten alloys is based on the
concept, which can be defined as "composition-
structure-property". Some specific feature of
tungsten, i.e., the highest melting point and its
tendency to cold shortness, impose limitations on
selection of alloying elements and phases: they should
not too significantly reduce the melting point and not
increase too much the rate of diffusion process
development; furthermore, the elements and phases
used for strengthening of an alloy should not result in
a catastrophic decrease in ductility.

HIGH-PURITY SINGLE CRYSTALS OF

TUNGSTEN AND MOLYBDENUM

G.S. Burkhanov

A.A. Baikov Institute of Metallurgy (IMET),
Russian Academy of Sciences

In the history of science, there always have been a
tendency to improve the purity of compounds used.
As a result of many years of research, a scientific
discipline has evolved, i.e., chemistry of high-purity
compounds, which incorporates as its integral part
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production, analysis and investigation of properties
of metals with low concentrations of impurities and
crystallographic defects.
Metals of different groups have their specific
properties which impose a decisive effect on selection
of techniques for their production, thorough
purification, analysis, single crystal growth. The
present report deals with these issues using as an
example single crystals of tungsten and molybdenum;
it also discusses methods for separation and thorough
purification, growth of single crystals from liquid
phase, and formation of single-crystal structure
throughout the volume of solid phase.
Special attention is given to zone-refining and use of
plasma heating for growing single crystals of
tungsten and molybdenum.
Examples .are provided to illustrate applications of
high-purity single crystals of tungsten and
molybdenum in science and technology.

RHENIUM CATALYSTS IN REFORMING AND
METATHESIS PROCESSES: OUTLOOKS FOR

THEIR APPLICATION

M.A. Ryashentseva

N.D. Zelinsky Institute of Organic Chemistry,
Russian Academy of Sciences

Effective Pt, Re/A1203 catalysts for reforming process
account for only 30% of the total amount of catalysts
used worldwide for oil refining processes. With the
aid of metathesis process, valuable unsaturated
alkenes and hard to reach unsaturated organic
compounds are produced. The use of Re-containing
catalysts makes it possible to conduct metathesis or
combined metathesis under milder conditions than in
the case of other catalytic systems. Rhenium catalysts
show higher activity than conventional oxide
catalysts, in reactions of hydrogenation of oxygen-
containing compounds: carbonic acids, aldehydes,
esters of fatty acids, and other products of main
organic synthesis. Rheniecene hydride, rhenium
pentacarbonyl, rhenium oxides and rhenium
heptasulfide are efficient catalysts for hydrogenation
of a number of organic compounds and condensed
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N-containing aromatic molecules-products of fine
chemical synthesis. In patents of recent years, a
strong emphasis is on combined Re-containing
catalysts on different carriers for hydrogenation of
various organic compounds and improving of well-
known catalysts for reforming process.

IMPROVEMENT OF TECHNOLOGY AND
OUTLOOKS FOR DEVELOPMENT OF

REFRACTORY METALS COMPONENTS
I.G. Roberov, P.A. Korchagin

Moscow Factory for Refractory Metals and Hard
Alloys

An analysis of the situation related to production of
a wide range of wrought semi-final and final
products (rod, wire, strip, foil, pipes, tubes, etc.)
made of molybdenum, tungsten, and niobium is
presented using as an example the experimental
factory for refractory metals and hard alloys
(Moscow).
Possibilities for improving the technological
processes for manufacture of components made of
refractory metals under the current conditions are
discussed. Technical requirements to the quality of
raw materials and final products are defined. Major
trends and outlooks for the development of products
made of molybdenum, tungsten and niobium for
various -applications are considered.

TECHNOLOGY FOR MANUFACTURE OF
COMPONENTS USING METALLIC RHENIUM

A.A. Semin, S.V. Stepanov, E.A. Yudin, V.S. Shilkin

Experimental Chemical and Metallurgical Plant of
Giredment, Podolsk, Moscow Region

Rhenium powder of Re 0 and Re I grade produced at
the Plant in conformity with technical specifications
of TU 48-19-92-80 is used for the following purposes:
, Manufacture of vacuum-sintered rhenium blanks.
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"* Manufacture of rhenium rods of 10-15 mm
diameter and at least 200 mm long.

"* Manufacture of rhenium foil to TU 48-0533-062-
91 with width 40 mm, thickness 30-40 p.k, length
up to 60 mm.

"* Manufacture of ingots of Re-Mo alloy to TU 48-
4-197-83 and W-Re alloy to TU 48-4-285-83

Wire is manufactured from blanks of 10-20 mm
diameter and at least 250 mm long by crucibleless
zone-melting.
Flat rolled products are manufactured from ingots of
50-100 rpm diameter and at least 100 mm long.
The rhenium content varies depending on the
customer's requirement from 0.1% to 25% in W-Re
alloys and from 0. 1% to 47% in Mo-Re alloys.

DEVELOPMENT AND INTRODUCTION OF AN
INTEGRATED TECHNOLOGY FOR

PRODUCTION OF TUNGSTEN WIRE FROM
SCHEELITE CONCENTRATE (INCLUDING
NEW GENERATION OF WIRE-DRAWING

EQUIPMENT)

E.A. Pirmatov, V.V. Goncharova, V.V. Khaidarov

Uzbek Refractory and Heat-resistant Metals Plant

New technology developed and introduced for
hydrometallurgical processing of scheelite
concentrates made it possible to produce ammonium
paratungstate (APT) with an impurities content not
exceeding 0.05% by weight. Such chemical purity is
the basic requirement for subsequent APT treatment
to produce blanks for tungsten wire manufacture.
The common technology for APT production for
tungsten wire manufacture implies processing of
wolframite concentrates to produce purified tungstic
acid with subsequent APT separation.
Production of own blanks for wire production made
it possible to carry out research and development
studies aimed at elaborating a technology for the
conditions of this particular Plant for manufacture of
different wire grades, including ultra-fine wire (as fine
as 14 gtm). On the basis of such technology, a concept
and technical specifications were developed for
manufacture of wire - drawing equipment of new
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generation with a wide range of possibilities related
to the control of thermoplastic deformation and
annealing operations.
The required equipment was manufactured by SKET
Company (Chemnitz, Germany) and was installed in
the No.7 Department in 1997 without interrupting
the main production operations.

NEW TECHNOLOGIES FOR MANUFACTURE
OF PERSPECTIVE REFRACTORY TUNGSTEN-

BASE COMPOSITIONS

A.F. Puzryakov, P.K. Prokopenko, I.P. Sokolov
State Academy of Consumer Services, Moscow

A new technology for application of high-quality
coatings of metals or metal-base compositions is
based on gas thermal method. Its principle is in the
use of thermal energy of high-velocity stream of
ionized gas produced in a plasma generator.
This method permits manufacture of coatings 0.1-10
mm thick with an adhesion strength of 20-50 MPa.
The productivity of a unit which is available in
stationary, mobile or portable modifications, is 5-7
kg/hour.
Possible applications of the new technology for
manufacture of perspective refractory tungsten-base
compositions have been discussed.

DETERMINATION OF RHENIUM IN ALLOYS
BY ELECTRON PARAMAGNETIC RESONANCE

METHOD

L.V. Borisova, Yu.N. Dubrov

Vernadsky Institute for Geochemistry and Analytical
Chemistry, Russian Academy of Sciences

Rhenium (VI) compounds have specific EPR spectra,
which made it possible to develop on their basis
highly selective methods for quantitative
determination of rhenium. Optimum conditions have
been found for formation of rhenium (VI) complexes:
oxochloride ReOCI5 (1), oxobromide ReOBr4 (2) and
triodithiolate Re (TDT)3 (3). Parameters of their
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EPR spectra have been identified: for (1) gii=2.01 1,
gi=1.96, Aii/cm-1-0.939, Ai/cm1=0.915; for (2)
gii=2.173, gi=1.770, An/cm-'-1.014, Au/cm'=0.876;
for (3) gi=2.044, g2=2.016, g3=1.999. The dependence
of the EPR signal intensity on the rhenium
concentration is directly proportionate within the
interval of (0.5-5)-lO-3M for (1) and (2) and (0.1-
10.0).10-4M for (3). The said methods have high
degree of selectivity and have been applied for
determination of rhenium in Mo-Re, W-Re, Re-W,
and Nb-Zr alloys.

THE METHODS OF "SOFT CHEMISTRY"
IN TECHNOLOGY OF PRODUCTION

OF MATERIALS ON THE BASE OF
RHENIUM, MOLIBDENUM AND

TUNGSTEN

D.V. Drobot, G.A.Seisenbaeva, V.G.Kessler*

Lomonosov Moscow State Academy of Fine
Chemical Technology

*Lomonosov Moscow State University

The thermal decomposition of the Re402(OMe)16(I),
ReMoO2(OMe)7(II), Rel-xWxO2(OMe)16 (III)
(x<0,25) and Re203(acac)2 (IV) in air at temperatures
below 400'C leads in case of 1.111 and IV to oxide
powders where fine crystalline particles (the size in
range 40-60 A') are included into amorphous matrix.
In case of II a mixture of ReO3 and MoO3 phases
obtained.
In inert atmosphere and at 300-400'C I decomposes
to ReO3 phase; II and III to a tetragonal phase with
Rei-xMxO2 composition (M=Mo, x< 0,5; M=W,
x<0,25). IV yieldes spherical particles of rhenium
metal.
The reduction of I-III in hydrogen atmosphere leads
to formation of Re or Re-alloys in temperature
range 300-400'C.
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THE POSSIBILITIES OF THE HIGH
TEMPERATURE GALVANOMETRIC METHOD

OF THE PRODUCTION OF RHENIUM AND
MOLYBDENUM ARTICLES

O.N.Vinogradov-Zhabrov, A.M.Molchanov,
L.M.Minchenko, M.F.Volkov, G.A.Panov,

V.A.Mezhuev, G.G.Potaskaev, V.I.Kalantyr,
V.S.Kurskov

The Institute of High Temperature Electrochemistry
of Ural Branch of Russian Academy of Scienses,
Ekaterihburg, Machine-building Plant, Elektrostal

The technological methods and principles of the
production of the articles (including the articles of
the complicated formes) were developed by
electrolysis of salt melts. The rhenium foil (thickness-
5-100 mcm), the wire (diameter-100-200 mcm), the
equipment for the growth of the profile
monocrystals, the rhenium and molybdenum pipes
and crucibles (diameter < 150 mm and wall thickness
_< 6 mm), the right-angled cuvettes 150x100x50 mm
were prodused and tested in different organizations.
Due to the controlling structural arameters of
deposited layers the explocation time of the articles
increases considerably while the promery form is
constant, and there is an opportunity to realise at
most their useful qualities.
The electrochemical methods allow to obtain the
articles of high prade chemical purity utilising the
relatively polluted used metals.

TECHNOLOGICAL ASPECTS OF
PRODUCTION OF FILMS, ALLOYS,

COMPOUNDS AND METALS OF THE GROUP
OF TUNGSTEN, RHENIUM, AND

MOLYBDENUM FOR MICROELECTRONICS

N.Yu.Yusupov

All-Russian Research and Design Institute of
Industrial Technology, Moscow

Methods for production of films of tungsten,
rhenium, and molybdenum, as well as their alloys
and compounds for microelectronics applications are
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discussed. Special attention is given to technological
aspects of film production using controlled variable
compositions and properties over the substrate
surface due to local impact of radiation of high-
energy particles of chemical elements or photons.

APPLICATION OF PLATINOID COATINGS
OVER REFRACTORY METALS USING

VOLATILE FLUORIDES

E.G.Rakov, M.I.Nikitin

D.M.Mendeleev University of Chemica
1 Technology, Moscow

The existing methods for modification of the
refractory metals surface by coating it with platinoids
are not always practicable.
One of the possible techniques, which is however not
investigated to a sufficient extent, it the use of
exchange reactions using volatile compounds of
platinum group metals:

nM(k) + mPnXn (g) ---* mPn (k) + nMXm (g),
where M - the metal to be coated, Pn - a platinoid,

X - a ligand.
Basic thermodynamic parameters have been selected.
For crystalline RuF3, RuF4, and for gaseous RuF5,
RuF6, Ru2FIo, Ru3FI5 it is recommended to have
formation enthaipy at 0 K, amounting to -561,7; -
750,8; -821,2; -1673,9 and -2563,7 kJ/mole,
respectively. The thermodynamic parameters of the
reaction of interest have been calculated.
Within a temperature range from room temperature
to 5000 C, processes of interaction of powder and
compact tungsten and molybdenum with ruthenium
pentafluoride have been investigated. The starting
temperature of reactions, as well as the composition
of volatile and solid reaction products have been
determined. It has been demonstrated by what means
ruthenium coating can be applied over tungsten; in
the case of molybdenum this process is impaired due
to formation of lower fluorides.
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STUDY AND MODELLING OF INTERACTION
OF ELEMENTS IN LAMINATED COMPOSITE

MATERIALS BASED ON HIGH-MELTING
METALS

E.M.Slyusarenko

Department of Chemistry, M.V.Lomonosov Moscow
State University, Moscow

Processes of interaction diffusion in laminated
systems on the basis of high-melting metals (Ti, V,
Nb, Ta, Cr, Mo) have been investigated. The
fundamentals of guantitative description of
interaction diffusion processes have been elaborated
and the fundamental parameters of theory (partial
coefficients of diffusion of components in the
systems) have been determined. Virtual model of
interaction diffusion processes on the phase
boundaries of laminated composite materials has
been created and guantitative calculations of
interaction of components in working conditions
were realised.

NANOCRYSTALLINE HARDENING OF HARD
ALLOYS WC-Co WITH AMORPHOUS

COATING SiC

A.N.Tchehovoy, V.M.Bytchkov*

Engineering Center REA "Progressive
Technologies", Moscow

*Khrunichev State Research & Production Space
Center, Moscow

Cyclic heat-stroke and new "know-how" are
concerned nanocrystalline structure in serial hard
alloys WC-Co with unique combination of strength,
ductility and density. Amorphous larger SiC have
risen abrasion endurance.
Regenerating heat treatment fixes the new as-har-
dened state of the material with high resistance to
operation loading.
Service life hard alloys instrument of new generation
with nanocrystalling structure and amorphous layers
SiC is 1,5-2,5 times longer as compared to those used
now (standard SU=3882-74); it complies with the
worlds standards.
Innovations design has been elaborated.
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PRODUCTION OF POLY- AND
MONOCRYSTALLINE TUNGSTEN SAMPLES

BY ELECTROLYSIS OF MOLTEN SALTS
A.M.Molchanov, N.O.Esina, O.N.Vinogradov-

Zhabrov

Institute of High-Temperature Electrochemistry of
Ural Branch of Russian Academy of Sciences,

Ekaterinburg

The investigations of growth mechanism of poly- and
monocrystalline tungsten obtained by electrolysis of
molten salts are carried out in the Institute of High-
Temperature Electrochemistry of Ural Branch of
Russian Academy of Science. On basis of these
investigations the scientific foundations of
technological producing of poly- and monocrystalline
of different forms and orientations with high grade
perfect structures (tubes, crucibles, boat containers,
foils) were developed. Such unique properties of
monocrystalline tungsten as high plasticity, low
gassing, stability under plasma and melts of alkaline
metals, thermal and irradiation stability and also
sharp anisotropy of electron output work make them
irreplaceable for the thermoemission transducer of
energy, the nuclear energetics and the rocket technics,
the containers to obtain the pure materials.

INVESTIGATION OF THE PHASE EQUILIBRIA
IN THE Ni-V-Nb-Ta-Cr-Mo-W SYSTEM

AT 1375 K

E.M.Slyusarenko, E.YtKerimov, M.V.Sofin and
A.E.Chastuhin

Department of Chemistry, M.V.Lomonosov Moscow
State University, Moscow

The way of polyhedration of multicomponent phase
diagrams is offered by means of graphs, which allow
to formalize and systematize the phase diagrams.
Besides this way makes possible to prognosticate
construction of the multicomponent systems on the
base of more simple. The polyhedration of the system
Ni-V-Nb-Ta-Cr-Mo-W has been realized. The
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experimental investigation shows that multiphase
equilibria (where number of phase > 5) don't exist at
1375 K in the system. All phase equilibria (where
number of phase = 4 or 5) in the Ni-V-Nb-Ta-Cr-
Mo-W system at 1375 K were established.

Te3HCbI JgoKiciaOB MeKLXAYHapOAHOH1 HayqrnO-
TexHHqeCKoH4 KOH4)epeHLUHH "PeHI4I4, MOJIH6JteH,
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mbiufl3IHHOro ripHmeHeHHSI
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